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BIOLOGY IN THE SENIOR 
SCHOOL 


In this Series of Articles the Term Lesson Unit is used to indicate that several Periods 


of Study are covered by the one Title. 
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INTRODUCTION 


TO THE THREE 


YEARS' COURSE 


school education should prepare him for 

life, but the three years spent in the 
senior school differ from the earlier years in 
that consciousness of this purpose is dawning 
in the child's mind. He is beginning to live 
beyond the school boundaries and limits, 
and his happiness and interest in school life 
depend to some extent upon how far the 
school can assure him that what he is doing, 
and learning, will later find an application 
in living. The child hardly knows to what 
he looks forward. In many cases no doubt 
there is merely a vague and feeble hope of 
earning his living in some employment of a 
not too exacting nature, and the idea of 
freedom and money to enjoy trivial pleasures 
and assert his individuality in commonplace 
ways. 

It is surely the most important function 
of the senior school to encourage a better, 
more intelligent and more definite outlook 
than this. The child in these three years 
should gain some clear ideas of the interests 
and possibilities, and also responsibilities, of 
life. Biology has much to contribute in this 
preparation for living, for by considering to 
what extent man and other creatures must 
submit themselves to the discipline imposed 
by natural laws or principles, and by noting 
the relationship between cause and effect, 
we realise the need of self-discipline and 
self-control, and we see that a healthy, 
vigorous life must be in harmony with 
natural tendency. We find out, too, along 
what lines and to what extent man can guide 
and control his destiny. 

Naturally, only the beginnings of such 
lines of thought can be inculcated before 
the age of fourteen ; in fact we can hope to 
accomplish very little, and we do not wish 
to force upon the child ideas which are 


E is true that the whole of a child's 


beyond his years. But if his mind is 
awakened, there is always the hope that 
development will continue further; it is, 
at any rate, his main chance, since at that 
age formal education will stop. 

With this object, then, of contributing 
something valuable to the preparation for 
life, we should think out our aims in more 
detail—and frame our syllabus. 

In the first place, we should try to help 
children to realise that in all living things 
certain physical functions are normal and 
necessary; therefore, in human society, 
conditions should provide for them. A 
healthy mental outlook, both of the indi- 
vidual and society, depends on a healthy 
physicial and social basis. All members of 
a state should, ideally, be actively aware of 
what this basis is; that is, should not only 
possess theoretical knowledge but should 
exert themselves, individually or by encour- 
aging state action, to bring about suitable 
conditions. 

What is this “biological basis" for social 
and mental well-being? In other words, 
what does man, as an animal, need? Every 
living creature exists by taking in food. 
Nearly all animals have to seek their food 
actively, hence the value of movement. 
Movement carries with it structural pecu- 
liarities of many kinds, and the history of 
the development of this power is a very 
large part of the story of evolution. As a 
result of obtaining and assimilating sufficient 
food, together with sufficient oxygen, energy 
is set free for work—and work is the move- 
ment of mass from one place to another, 
so that these activities seem to complete a 
circle, or perhaps a spiral. Work includes, 
of course, all movements within the body ; 
e.g., circulation of blood, passage of food. 
Any excess of digested food not needed for 
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immediate use to supply energy is stored 
and allows growth to take place, that is, 
increase in size. Growth is invariably accom- 
panied, in all creatures whose bodies con- 
Sist of more than one cell, by development 
—that is, by an unfolding or change of 
form—until the final, mature condition is 
arrived at. 

When no further development of the 
individual is possible, energy is still accruing. 
This finds its outlet in reproduction. In 
nearly all plants and animals this takes place 
by means of fertilised eggs; though in some 
of the lower animals, and in many plants, 
other means of reproduction may also be 
found. Asexual reproduction means the 
formation of a new individual from a single 
cell, or group of cells, not from the union 
of two cells, 

From a consideration of the various mani- 
lestations of the "urge" to reproduction, 
we may branch off in two directions; (r) 
to the development of family and group 
life, and (2) to the important questions 
bound up with inheritance. 

Both animals and plants low down in the 
scale produce very large numbers of repro- 
ductive cells, which are usually broadcast 
and left to their fate. 
proceeded, 
limitation of the number of offspring pro- 
duced, together with greater provision for 
their welfare. The fundamental distinction 
between male and female comes from the 
fact that the egg carries food for the young 


Physiology of the female, which tends to be 
conservative of energy, since the young have 


community is the result of the attempt to 
shelter, or safety, 


during a long childhood. Amongst birds 
and mammals food and shelter have also 
been provided. Birds have developed the 
large yolky egg which enables the young 
to be incubated in the nest for a long time, 
followed by the protected nestling period, 
In mammals, retention within the mo "s 
body has served the same purpose even 
more effectually, the nest, lair or den, or, 
alternatively, the collective protection of the 
herd, providing a safe shelter both before 
birth and during childhood; while in man, 
the home has grown up round the children 
and the community round the home, Ti 
would, perhaps, be as well at the present 
day if this biological fact were more widely 
realised; it appears to be of fundamental 
importance to the continuance of modern 
society, as it was to its growth and develop- 
ment. It need hardly be stated thai the 
importance of a long period of childhood 
lies in the Possibility of education, for it 
is a long plastic period during which the 
child should be adaptable to varied sur- 
roundings, Incidentally, one cannot too 
strongly emphasise the biological import- 
ance of adaptability, perhaps the one 
characteristic in which man has, so far, 
proved himself superior to all other crea- 
tures, and the one to which he certainly 
owes his survival in the struggle for 
existence. 

It is a commonplace that 
like.” This is what is meant by heredity. 
It is equally well established, and is the 
basis of Darwin’s theory of evolution, that 
variations from type are common occur- 
rences, so that no two members of a family 
are absolutely identical, "identical 
twins." It was Darwin’s argument, sup- 
ported by evidence collected for over twenty 
selection 
Operated upon such variations, if they were 
Vitally useful; for 
creatures which varied in a useful direction 
chance of life and 


“like begets 
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tend to survive until in due course a new 
race, a species, would be evolved, having 
the new features as fixed characters. This 
theory was explained in Darwin's book 
The Origin of Species, published in 1859. 
One of the chief criticisms of Darwin's 
theory was that small variations could have 
no survival value; there was no reason to 
suppose they would be cumulative and they 
would tend to merge again into the typical 
iorm with cross-breeding. Recent work on 
heredity, however, stimulated by the 
important experimental work of Gregor 
Mendl—published but neglected in 1865-6, 
but re-discovered at a crucial moment in 
igoo—shows that new characteristics do 
not disappear again, or become modified, 
but survive in a certain proportion of off- 
spring. Further, such new characteristics 


are generally marked and definite, not small : 


and cumulative as Darwin thought likely. 
It may be that both types occur, and it 
has even been suggested by some modern 
biologists that all variations do not follow 
the same rules of inheritance. 

From the practical point of view, the 
important fact which bears on man's affairs 
is that characteristics are very strongly and 
permanently inherited, that "what's bred 
in the bone," or rather, in the egg and 
sperm cells, comes out in each individual, 
and that we cannot alter inheritance by 
altering the conditions of life, or environment. 

Therefore, if human society is to use the 
knowledge gained from a study of biology, 
there must be an organised and conscious 
control both of the conditions of life, to 
encourage desirable breeding, and of the 
human stock itself, to discourage those who 
might ultimately become a danger to the 
race. 

There are many other interesting bio- 
logical principles—or generalisations from 
observed facts—which have a bearing on 
human life because they relate to all life. 
Some of these will be indicated as occasion 
arises, but the teacher of biology should 
certainly keep in mind the functions and 
processes just summarised, in selecting 


material and. determining upon methods of 
treatment, if he wishes his teaching to 
contribute something to the life interests 
of his pupil. 

Two other points should be given promi- 
nence before proceeding to plan a scheme. 
The first is that the study of biology may 
be an effective means of giving children 
some acquaintance with “ scientific method.” 
By this we mean that children should have 
an opportunity of making careful, precise 
observations and records, and then drawing 
conclusions from their own data, Such con- 
clusions should then be linked up, by the 
teacher, with other information and reason- 
ing which may not be within the children's 
own reach, so that eventually, some under- 
standing of the principles just outlined 
may result. Wherever possible, teaching 
should be based on the childrens own 
observations; it should start there, but not 
end there! 

The remaining aspect is the leisure value 
of an interest in biology. It is hardly neces- 
sary to enlarge upon this. The love and 
reverence for nature is very deeply im- 
planted; it needs only opportunity to grow 
and spread. It is an important part of the 
work of the biology teacher to see that the 
opportunity occurs. We see many mani- 
festations of this delight, sometimes curious 
ones, as, for instance, in the case of the 
crowds of fishermen who pour out of London 
on gloomy winter Sundays to fish the 
rather depressing reaches of the river Lee, 
and sit wrapped for hours in solitary 
contemplation. 

The encouragement of such love of nature 
will come largely from the teacher's own 
attitude rather than from any formal 
teaching. The formation of a Natural 
History Club gives opportunity both for 
group expeditions and individual efforts. 
Reading of short papers on first-hand work 
carried out, display and explanation of 
collections, gathering of wild flowers, especi- 
ally keeping named exhibits of fresh flowers 
in a prominent place in the school, school 
nature festivals (harvest or May day), all 


" 
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help to encourage the naturalist, and many 
boys and girls who do not come into 
prominence in other activities will gain an 
outlet and a means of self-expression in 
this way. 

No apology is made for this long intro- 
duction because it is felt that many people 
are not clear as to the importance of biology 
in education but regard it as a modern 
craze or fashion, so it is hoped that due 
thought will be given to this preamble 
before the schemes suggested are accepted, 

These schemes are not intended to be 
followed rigidly but as Suggestions for a 


SYLLABUS OF 


«eh HE following are Suggestions for a 
three-year Syllabus in biology based 
9n the foregoing considerations. 

Throughout all three years it is desirable 

that the naturalist outlook be encouraged 

through field work. 

I. The recognition of as many common 
plants and animals as can be obtained; 
€8. trees by leaves, buds, flowers, bark 
and general form; flowering plants, includ- 
ing common Srasses, by leaf, flower and 
Íruit; birds by habits (including character- 
istics of flight and Song) and appearance; 
non-flowering plants, such as toadstools 
and mosses : butterflies, moths and other 
insects, including galls made by insects; 
Seaweeds, shells, rock and Shore-dwelling 


animals in seaside schools, 


2. Simple ecological studies > €g., wood, 
moor or other available locality, weeds of 
particular fields, colonisation of waste ground 
or old wall, community in a garden, 

Tt is obvious that the basis of all biology 
must be familiarity with living things in 
the field. 
treatment is also important 
throughout the course. Classroom study of 
needs of plants, for instance, should be 
linked up with horticultural and agricul- 


G IN PRACTICE FOR SENIORS 


general outline, which may be modified as 
the needs of various Schools, surroundings 
and types of children make desirable. 
Some familiarity with common plants 
and animals and their life histories, some 
simple experimental work on the growth 
of plants and perhaps on the sensi ity of 


garden animals (earthworms, snails, cater- 
pillars), some acquaintance with communi- 
ties such as those of a hedge or a pond, 
are assumed as a result of nature study in 
the junior school. If the teacher finds they 
are lacking, it will be necessary to take 


steps to supply such a background. 


THE COURSE 


tural conditions; eg., hoeing, to keep soil 
Cool and evenly moist; rotation of crops, 
to supply different ingredients to different 
plants; distribution of grasslands, crops 
such as Wheat, oats, Millet, trees. Means 
of coping with fungoid and insect pests. 
In rural districts especially, the biology 
can be linked up with the common occupa- 
tions and interests of the neighbourhood, 


FIRST YEAR—11 TO 19 YEARS OF AGE 


Study of the whole life, as far as possible 
in their natural environment, of several 
animals, with special stress on food, feeding 
and movement ; 
dragonfly, 
dog and rabbit for teeth and jaws, 


several examples; e.g., 
chestnut, 
Growth 
animals. 
for winter. 
The soil as the partial source of plant 
food. The water current. Wood. Trees. 
Garden work: Preparation of seed beds 
and sowing of seeds, recognition of common 


and development in plants and 
Seasonal rhythm, Preparations 
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vegetable and flower seeds and seedlings, 
and seedlings of common annual and peren- 
nial weeds. Hoeing and raking. 

Recognition of animals met with in 
garden as they occur; e.g., birds, inhabitants 
of soil, injurious or otherwise. 

A garden notebook might be kept in 
addition to the ordinary nature notebook. 


SECOND YEAR—12 TO 18 YEARS 
OF AGE 


Further study of food and feeding. What 
happens inside the body. Digestion, blood 
circulation, respiration, excretion. 

Modes and apparatus for breathing com- 
pared; e.g., fish, frog, mammal, various 
aquatic invertebrates. 

Dissected frog to show organs connected 
with these functions. External jaws of 
different kinds; e.g., crab or prawn, several 
insects. Teeth of snail, shown by micro- 
projector. 

Classification of animals, with special 
reference to feeding in vertebrates. 

Respiration in plants. 

Further study of growth and develop- 
ment. Animal: chicken. Plants: wheat, 
maize, onion. 

Need of specific substances from soil for 
plant growth. Water cultures. 


THIRD YEAR—13 TO 14 YEARS 
OF AGE 


Plants and animals with special relation 
to man. 

1. How they affect man's life. 

The food of plants: photosynthesis. 

The oxygen cycle. 

The nitrogen cycle. 

Soil. 

Fungi and bacteria. 
Birds. 

Pollination and seed formation in plants— 
an important source of food for man. 

(Incidentally here, use of a flora.) 


2. How they help to explain the physical 
aspects of man's life. 

Recapitulation of functions of living 
things. 

If possible, dissection of rabbit or rat to . 
show organs, since these are more nearly © 
related to man than are organs of frog. | 

Ideas of evolution and heredity. 

Family and group life. 

Insect communities. Nesting of birds. 

Habits of mammals. Adaptability. 

Special adaptations to environment ; 

Man has specialised in adaptability, or 
versatility. 

Distribution of plants and animals in time 
and space. 

The geological record. 


Injurious insects. 
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FIRST YEAR'S COURSE 


AUTUMN TERM 


GARDEN WORK 


HIS will be the basis of the term's 

practical work, supplying material to 

be examined in the classroom, where 
drawings and notes will be made, as well as 
giving information which will prepare the 
children for formal lessons on the prepara- 
tions made by plants and animals for the 
winter. 

1. Clear all beds allotted to this class and 
dig them over, keeping a special look-out 
for inhabitants of the soil. 

z. Keep any such animals alive for a few 
days in tumblers of damp soil, covered with 
glass plates. Keep any eggs and cocoons 
found for further developments. Make 
drawings and notes of habits. 

3. Identify the weeds found. Make a 
pressed collection. Watch the stages in seed 
development from flowers. Note the dying 
down of perennials. Dig up underground or 
surface-creeping stems. Examine their winter 
buds. Note their depth, length of stems, 
brittleness or toughness, and any other 
points that might help in survival. 

Examples.—Couch grass, bindweed, colts- 
foot, creeping buttercup, cinquefoil. 

If there is no school garden, enlist the 
children’s interest in collecting such material 
in their own gardens or allotments or on 
waste ground, getting them to note the 
habits and environment. 

Suggest that the children should try to 
note in the course of the winter what food 
is available for birds, where they can be 
seen and, if possible, what they actually do 
eat. Encourage the children to start nature 
notebooks, and inquire at regular intervals 
whether they have anything to communicate 
on this point. Keep a look-out for informa- 
tion in the “nature notes" of newspapers, 


collect cuttings and encourage the children 
to do the same. 

Arrange that a bird table shall be set up, 
and let the children keep it supplied as part 
of their practical work. 

The children need training in selecting 
what they will draw and in making careful, 
detailed sketches which really bring out the 
points they regard as important and wish 
to illustrate. No drawing or notes should 
be made without a definite object. This 
descriptive, observational work must be 
given adequate time, and will provide 
material for several lesson periods. 


LESSON UNIT I—PREPARATION MADE 
BY ANIMALS FOR THE WINTER 


Introduetion.—Refer to the children’s 
autumn nature studies in the junior school 
and to the conditions they have been in- 
vestigating in the garden or other places. 
State the subject for consideration: the 
behaviour of animals in preparing for the 
winter. 

Make a blackboard list of the data offered 
by the class; e.g.:—Behaviour of animals in 
autumn. 

1. Birds are not so numerous, and scarcely 
any sing. (Note if any are heard. Specify 
which have disappeared. Finches and 
sparrows flocking in separate sexes in fields, 
where they can get grain. Starlings, lap- 
wings flocking. 

2. In harvest fields, young rabbits are 
very plentiful—this year's litters. (They 
seem to have left their parents for all seem 
about the same age. As the corn is cut, 
they tend to run to the middle of the field 
and at the last are trapped, and easily 
shot.) 


1. BLACKCAp, 


3. WHIT ;THROA . 
4. GOLDFINCH, 


5. YELLOW-HAM ME 
Io 
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3. Spiders are very abundant. Flies also 
are still numerous in warm autumn days. 

(Note the effect of frosts, and the date of 
the last appearance of spiders and flies.) 
Cocoons of spiders can be found. 

4. Hover flies, bees; some butterflies 
(tortoiseshell, red admiral) are still seen on 
bright, warm days over 
herbaceous borders (Figs. 
r, 2 and 3). (Note the 
large number of pollen- 
producing flowers which 
they seem to like; e.g. 
Michaelmas daisies.) 


Fic, 1. 


SMALL ToRTOISESHELL 
BUTTERFLY 


Fie. 2. 


a. Reddish orange ground. 
b. Blackish brown. 

c. Yellow. 7 

d. Blue crescentic spots. 
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Fic. 3. Rep ADMIRAL 
BUTTERFLY 
a. Scarlet. 
b, Brown. 
c. Scarlet. 


The rest is black and white. 


5. In soil, certain animals are as numerous 
as ever; e.g., earthworms. Cocoons and some 
caterpillars are found resting there. (Note 
which ones.) Cockchafer larvae and cocoons 
may be found. (These have a long immature 
period in the soil—over three years.) Ground 
beetles, which prey on worms and grubs 
(or larvae). (Figs. 4, 5 and 6.) 
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Development. — Consider the points col- 
lected and note that two principal factors 
seem to influence the behaviour observed: 

r. Diminution of food supply. 

2. Lowered temperature, especially where 
it is so low that frost occurs. 


1. Food supply.—Birds gradually exhaust 
the supply of seeds, both grain and weeds. 

As the temperature becomes progressively 
lower, insects die or disappear into sheltered 


Fic. 4. COCKCHAFER 


Topleft: Larva. 
Top right : Cocoon, 


FIG. 6. 
TIGER BEETLE 


(Popular names should be used where possible.) 


Fic. 5. 
GROUND BEETLE 


positions underground; snails hibernate in 
hidden spots. Even earthworms burrow 
deeper and deeper into the soll as it grows 
colder, especially if at the same time the 
weather, and therefore the soil, is dry. 
Other soil inhabitants do the same. They 
are not, however, exposed to the cold winds 
as are animals dwelling above the soil. Most 
of the animals living in soil can stand a fairly 
low temperature so long as their surround- 
ings are moist. : 

Birds and many mammals (or furry 
animals) can stand cold better than most of 


I2 


the lower creatures, provided they can 
obtain enough food. It is chiefly lack of 
- food that makes it necessary for birds to 
— migrate. Note that it is chiefly those which 
feed on insects that migrate—the flycatcher, 
the various warblers, the swallow and martin 
—though a few of these, e.g., the robin, blue 
tit and great tit, remain for the winter. 
These birds search the bark of trees most 
persistently and patiently for insects hidden 
in the crevices, whether adults, larvae or 
eggs, and little escapes them. Incidentally, 
note what a great service is thus performed un- 
knowingly for man, in destroying pests which 
might do serious damage in the next year. 

Suggest that the children shall note what 

‘other animals can be found during the 
winter, and anything that can be found out 
. about their food. 

Rabbits come out to feed in the evening; 
squirrels may occasionally be seen; the fox, 
the otter and the badger, though the last 
two are becoming rare, roam about; the 
water vole appears from time to time. 
Probably all these animals exist on short 

"commons during the winter and they are 
usually in poor condition by the spring. 

Many animals, whether they hibernate or 
‘remain active, store a certain amount of 
food in the form of fat, which is gradually 
used up during the winter. Probably most 
of the mammals have some fat reserve; the 
frog has special fat bodies in the region of 
the kidneys; snails have extra fat. 


2. Lowered temperature.—Birds are able 
to keep warm except in extremely cold 
weather, because their feathers are non- 
conducting. They hold a considerable 
amount of air, and this can be increased 
in very cold weather. Thus, when some- 
times one is inclined to think a bird in cold 
weather is very plump and well fed, it is 
really puffing out its feathers so that they 
hold as much air as possible to keep out the 
cold, and it may actually be near starvation 
point, 
* Hibernation does not merely mean winter 
sleep, but that great changes have taken 
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place in the whole working of the body. 
Every process is slowed down. The dormouse 
is a good example of a mammal which, hiber- 
nates. Enclosed in its winter nest, tightly 
curled up to keep in as much warmth as 
possible, it is practically in a state of coma; 
if it wakes, it is very likely to die of » posure 
to the cold, since it is only in the hi;-'nating 
state that its body is adequately : pared 
to resist it. When it eventually kes in 


the spring, it is a mere ghost of th little 


creature of the autumn. 


Breathing is almost at a stands: uring 
hibernation. It is difficult to belic at it 
is going on at all when one realises i frogs 

"will bury themselves in the mu the 


bottom of a pond, or may be pack« 'htly 
into a drain in hundreds. 


The blood of frogs, newts and im brate 


animals changes temperature the 
external air or water. This in itself ‘ids to 
sluggishness of disposition during cold 


weather. 

The higher animals—birds and m 
have elaborate arrangements for k« 
blood always at a constant ten 
The minute arteries, or arterioles 
surface of the body, contract in col: 
and so prevent loss of heat. The 
of fur or feathers also prevents th 
heat. Thus the deep-lying vital o 
kept at a constant temperatu: 
“chill” to these organs might entai 
consequences. 

Incidentally, one of the dangers : 
alcohol before going out into the col 
it paralyses the small nerves contro! 
blood circulation at the surface, 
causes the arterioles to be relaxed, 
heat to escape. At the same time it 
false sense of security and well-being, since 
the escaping heat gives the sensation of 
skin warmth, which is attained by the loss 
of heat from the deeper parts of the body. 8 

Note.—These lessons might run concu 
rently with lessons on convection, conduc- 
tion and radiation of heat in the periods 
devoted to general elementary science. In 
any case the two should be linked together. - 
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LESSON UNIT II—PREPARATION MADE 
BY PLANTS FOR THEIR INDIVIDUAL 
SURVIVAL OVER THE WINTER 


Introduction.— The children will have 
noticed during their preliminary work in 
the garden the dying down of plants, some- 
times completely, sometimes only of the 
aérial parts, while permanent roots and 
stems survive underground. They will also 
have noticed that the woody plants—shrubs 
and trees—retain their aérial parts also, 
most of them losing their leaves, though 
the evergreens retain them. 


Development.—The preparations a plant 
makes in the autumn for the winter and 
following spring are important because they 
affect both the individual plant and the 
race. 


1. Seeds.—If the individual plant dies 
completely, it does not do so without making 
some provision for carrying on the race, or 
species. It does not die until it has scattered 
its seeds. Annual plants do this in the 
course of one summer, while ephemeral 
plants are those which produce several 
generations in one season; e.g., chickweed. 
Biennials take two seasons to produce their 
seed. True biennials then die; e.g., cabbage. 


2. Buds.—In addition to seeds, perennial 
plants produce what are called winter buds; 
that is, buds which cease all activity through- 
out the winter, but continue their growth 
and development in the following spring. 
Examples should be shown, Fig. 7. 

All growth of stems and leaves takes place 
from buds. A bud is composed of a portion 
of a stem—the growing point—together 
with a number of small outgrowths—the 
developing leaves. The winter buds of trees 
and shrubs become the summer buds by 
losing their protective scales, for however 
many leaves unfold, there is still a bud, 
with a growing point, at the tip of the stem. 

As the summer advances, growth at the 
tip becomes slower, the leaves develop more 
slowly and by July have usually stopped 


altogether. The summer bud then becomes 
the protected winter bud, for the leaves on 
the outside of it are incomplete, being either 
leaf bases; e.g., horse chestnut, sycamore, 
or outgrowths of leaf bases (stipules); e.g., 
beech, lime, folded round it. (Plate IIT.) 


leaf Folded 


down midrib /Y 


~ stipules 
separating 


lea j 
unfoldad | 


Fic, 7. Lime BUDS UNFOLDING 


Fic. 8. BRUSSELS SPROUT TO SHOW 
TYPICAL BUD STRUCTURE 


While growth is active, small buds are 
also formed immediately above the point 
where each leaf joins the stem—in the axil 
of the leaf. These are therefore called . 
axillary, or lateral, buds, Fig. 8. Note this 


SOIL LEVEL 


PLATE III 
Bups 


t. UNDERGROUND BUD OF COLTSFOOT. 2. WINTER BUDS OF SYCAMORI 
3. WINTER BUDS OF LIME, 
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in the twigs examined, finding leaf scars 
with buds above them. 

After the leaves have finished growing, 
both the axillary and apical, or terminal, 
buds swell to their full size, then the outer 
scales become hard enough to resist the 
cold winds, frost and rain of the winter. 

In the case of underground buds the 
protection is of the same kind, though the 
scales may be less hard and with less marked 
individual characters. In many cases a good 
deal of growth takes place under the ground 
before the bud makes its way above the 
ground and opens out into foliage leaves; 
e.g., in couch grass, bindweed, willowherb, 
evening primrose, coltsfoot. In other cases 
the bud will grow into an upright stem and 
force its way above the ground close to the 
parent crown; e.g., chrysanthemum, delphin- 
ium, dandelion, daisy. Leaves unfolding 
below ground are usually leaf bases only 
(scales). Examine some of these under- 
ground growths from each group. 

In all these cases the plant has made 
provision for continuing individual growth 
but, in the case of underground buds being 
formed, it is also increasing the area occu- 
pied. This is especially obvious where long 
underground stems are found; e.g., couch 
grass, willowherb. Moreover, these buds are 
of the same kind whether they are dormant, 
sustaining life through the winter, or active 
during the summer. There is a less marked 
dormant period than in trees or shrubs, for 
it will often be found on digging down that 
the buds are growing late in the autumn or 
very early in the spring. 


3. Vegetative propagation.—In some cases 
in course of time the withering of the inter- 
mediate stem leads to the separation of new 
plants from the old—e.g., nettle, coltsfoot— 
so that this method of growth serves in the 
first instance to preserve the individual 
plant, later to increase the number, that is, 
preserve the race, by vegetative propagation. 
It is, of course, a property very widely made 
use of by gardeners. It is also one of the best 
means of race preservation for weeds, since 


any buds left in the ground when weeding 
produce new plants to flaunt their vitality 
in spite of them; e.g., couch grass, bindweed. 

Nole.—This and the following lesson unit 
might be given fairly early in the term, since 
they serve to direct observation and encourage 
thought about the problems of plants. They 
should be illustrated by living material for 
the children to handle, and by diagrams. 
The children should also have an opportunity 
of digging up growing weeds to realise the 
importance and effectiveness of the under- 
ground buds. More detailed examination 
of the winter buds of trees, recognition of 
common trees in winter, and an account of 


_ the importance of leaf fall, if wished, would 


follow. 


LESSON UNIT III—PREPARATION MADE 
BY PLANTS FOR RACE SURVIVAL 


Introduction—While a great many 
animals produce their offspring in the spring 
or early summer months—e.g., sheep, deer, 
birds, most insects—it is characteristic of 
flowering plants to produce their seed in the 
autumn. Exceptions to this are the ephem- 
erals, which produce several generations, and 
a few—e.g., red dead nettle—which flower 
and seed continuously through the summer. 

This is associated with another peculiarity 
of the majority of flowering plants, the fact 
that the seed, which contains the young 
plant or embryo, does not open immediately 
and allow the young plant to develop, but 
passes through a prolonged resting period, 
in many cases coinciding with the winter. 

We are therefore in the habit of connecting 
the autumn with seed and fruit production, 
the spring with germinating or sprouting of 
young plants. 

In some countries these periods are not 
so marked. In tropical countries growth 
takes place after the rainy season, and even 
deserts have a. quick, ephemeral flora which. 
springs up after a period of rain. But in 
the temperate zones a seasonal rhythm is 
well marked. 


) 
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Development.—There are three main We should also note in passing that t | 
questions to keep in mind in studying seeds. are other ways of producing new | 
1. How is the young plant protected? besides seeds. The most important | 
2. How is it provided with food for its (a) by special buds (bulbs) or spec | 
early life? stems bearing buds (potato tubers. | 
3. How is it dispersed; that is, how is a celandine bulbils); (b) by spores, sm | 
suitable home found for it? of living matter (protoplasm) usua | 
a protective wall (toadstools, mould i 
ferns, seaweeds); Figs. 9, 10, 11 | 
1. Protection of embryo plant. | 
each child with an ash fruit (Fig. 1; | } 
has been soaked in water overni j 


Z 


, him slit this carefully with a need 
shoot 


the middle, and after noticing how th 
lies in its pericarp, or fruit wall (th 


eya ^ the ripened ovary) which in this cas S 
protection, split the seed carefully alo 
FiG. 9. POTATO TUBER WITH edge with a sharp penknife. This ex 
OPENING Bup the whole small plant or embryo s 


Fic. 10. 


LESSER CELANDINE 
A. Formation of bulbil in axil of leaf, 
B. Bulbil producing young plant. 

C. Later stage with tubers growing, 
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about $in. long, quite white, and consists 
of a pair of narrow, thin leaves and a slightly 
thicker root. Note that the embryo lies 
embedded in a white substance called endo- 


UNDER SURFACE OF 
PINNA OF MALE FERN TO SHOW 
SroRE CASES 


Fic. 11. 


Sets cap 
gills 
ring or--~ 
annulus 
Stalk Taree 
or stipe 
ees bulbous 
base 
Fic, 12. TOADSTOOL 


sperm, which serves as food. Note that the 
endosperm is quite hard and will therefore 
protect the embryo against any rough 
contact. It is covered on the outside by a 
thin brown testa. 


Now compare this with some natural and 
soaked broad beans, Fig. 14. The pericarp 
is the pod. Show it if available; in any case 
refer to it. The seeds escape 
and settle in the soil, there- 
fore the pericarp offers them 
no protection. The testa, how- 
ever, is very hard, as can be 
felt. When the beans have been 
soaked, as they would be by 
the water in the soil, the testa 
is still resist- 
ant and pro- 
tective, being 
thick and 
tough. (Fig. 
I 


- embryo 
endosperm 


4.) 

Let the child- 
ren remove 
the testa by 
splitting down 
the edge, avoid- 
ing the black 
scar. On examining it inside they will find 
a neat little pocket into which the root, or 
radicle, fits. Opening out the bean itself, 
it will be found to separate into two halves, 
to one of which the root and bent stem, or 
plumule, remain attached. Note that while 


ASH FRUIT AND A 


Fic. 13: 
VERTICAL SECTION OF THE 
SEED 


BroAD BEAN, OPENED 
OUT 


Fic. 14. 


the root is protected by the pocket, the stem 
lies between the two white lobes, the cotyle- 
dons or first leaves, which thus protect it 
also. These lobes are large and thick because 
they have absorbed all the food from the 
endosperm, but they correspond -to the 
narrow white leaves seen in the ash. 
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We see, therefore, that in each case the 
embryo consists of a root, stem and pair of 
leaves. It is protected either by endosperm 
or by the nature of the leaves themselves, 
and by the testa. It may also retain the 
pericarp as a further protection until it 
germinates, as in all the indehiscent Íruits, 
and in any case will be enclosed in the peri- 
carp until the seed is mature. 

Details will differ, but these are the main 
protective measures for seeds. Any other 
examples available may be examined and 
these points determined. 


2. Provision of food. The question of 
food for the young plant may be left for 
more detailed consideration later. 


8. Dispersal of seeds. The children are 
sure to know something of this from their 
work in the junior school. It should only be 
necessary, therefore, to refer to the chief 
methods of dispersal, which will be found 
in any elementary botany textbook. 

Tables might, however, be made of the 
fruits found, under the headings wind 
dispersal, dispersal by animals, dispersal by 
explosion. or propulsion, dispersal by censer 
action (swinging in the wind; e.g., campion, 

Poppy). It should also be noted with 
examples found that many light, small 
seeds are very effectively dispersed without 
any special mechanism; e.g., poppy, plan- 
tain, and also that many indehiscent fruits 
(acorn) or dehiscent fruits (horse chestnut) 

_ With no special means do seem to find suitable 
places in which to grow. 


LESSON UNIT IV—FOOD OF 
EMBRYO PLANTS 


Introduction. Soaked seeds of several 
different kinds should be examined. Find 
the embryo in each case and note whether 
the cotyledons have already absorbed the 
food, or whether the embryo lies embedded 
in endosperm. Note also the size of the 
seeds and amount of food stored. Has this 


* 


any relation to the time taken to germinal: 
after soaking? Try it. 


Development.—Why should a you T 
need food? In order to grow. A la 
of the substance of a plant is wate: 
is a certain amount of solid sul 
can find out how much by hea 
until all the water has been give : 

Experiment.—Let different children weigh 
a woody twig, a small herbaceous | : GE. 
groundsel, lettuce; a carrot, some fi uch 
as plum or apple, a horse chestnut seed 
Then set these to dry in an over ha 
temperature of rro? to 120°. A bi tin 
over a very low Bunsen flame, with an 
asbestos mat between, would do the 
class record all the first weights an: hen 
the experiment is completed, re-w: ind 
calculate percentage of water i ich 
substance. 

If carbon dioxide has been prepared in 
the general science class, heat som. the 
tissue still further over a Bunsen ler 
in a small dish or tin lid, and test the 
gas by holding a drop of lime water on a 
glass rod over it. 

Explain that a good deal more the 


substance will turn to gases if ther 
heated until at last a small amount ish 
remains. This consists of mineral substances 


taken out of the soil. Show that if vater 
is shaken up with soil and allowed to stand, 
then filtered, and evaporated to dryness 
in a white enamel cup over a very low flame, 
a powdery stain will be left which shows that 
soil water contains some substance dissolved 
in it. 

State that plants not only obtain sub- 
stances from the soil which build up their 
bodies, but their leaves take something 
from air also. No further explanation should 
be given here; it will come later. 

Now when a young plant, still inside the 
seed coat, begins to grow, its root grows 
first and begins to feed upon the water in 
the soil. As yet, however, its leaves have 
not emerged, and therefore cannot do their 
work. It is in helping the plant through 
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this early stage that the food in the seed, 
whether in the endosperm or already 
absorbed into the cotyledons, is useful. It 
is found to consist chiefly of starch. This 
can be proved. 

Show the iodine test for starch with 
ordinary laundry starch and note the deep 
colour—blue-violet if a little thin paste is 
made in water and tested, black in the mass. 

Now test a variety of seeds by cutting 
soaked seeds across and smearing the 
surface with iodine with a glass rod or 
paint brush. It may need to stand for a 
little while in some cases before it will 
penetrate. The violet stain indicates the 
presence of starch, and also shows how it 
is distributed. It is the commonest substance 
found as a food reserve in seeds. 

Starch is also one of the foods on which 
human beings rely to a great extent, as it 
is useful for providing energy. Test flour, 
rice and any other cereals that can be 


obtained; in fact, any common foods, and 
see which contain starch. 

Although the cotyledons serve for food 
storage, they are true leaves. In many 
cases they serve as ordinary foliage leaves 
as well. Illustrate this by growing some 
mustard, which will germinate in a few days. 
Keep the point in mind also in connection 
with seeds to be grown in the following 
spring; e.g., marrow. 

Notice what a large number of common 
weeds and other wild plants germinate in 
this way. Frequently these can be found 
germinating freely in the autumn, and in 
sheltered places almost throughout the 
winter; e.g., shepherd's purse, goosegrass, 
dead nettle. 

Let the class make sketches to show the 
areas containing starch in various seeds, 
and also draw any seedlings which can be 
found in the garden with epigeal cotyle- 
dons; that is, cotyledons above ground. 
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WINTER-SPRING TERM 


WILLOW 
PLATE IV. 


Some Winter Twigs SHOWING Bups 
(Class Picture No. 20 in the Portfolio.) 
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WORK FOR WINTER MONTHS 


T was suggested that, in connection with 

their study of buds in the autumn term, 

the children should learn to recognise 
some of the common trees by their winter 
buds (Plate IV), and also notice how the 
trees prepared for the winter by protecting 
the buds and, in most cases, dropping their 
leaves. The study of the conduction of water 
led to an examination of wood, and several 
of the experiments suggested can best be 
carried out with leafy twigs, so that an 
interest in trees will be sustained throughout 
the year—a good instance of a continuous 
interest through different aspects. 

It would, therefore, be convenient to take 
a little time in January or February, when 
living material is scarce, to consider the 
importance of trees in relation to other 
forms of life. 

As a practical accompaniment, so that the 
living tree is not lost sight of, the unfolding 
buds of horse chestnut may be studied, 
while flower buds of elm, hazel (a shrub 
usually), and alder will give an opportunity 
of noting the characteristics of wind pollina- 
tion. Willow, in contrast to these, gives the 
earliest supply of pollen and honey to bees 
and other insects. All these will readily 
open indoors. 

The seedlings of. oak, horse chestnut and 
sycamore, from seeds planted in the autumn, 
should also be watched. 

Winter twigs —Although each has its own 
definite formation, to the unfamiliar it is 
often a difficult matter to distinguish the 
various buds of the common trees, especially 
before spring causes the protective cases to 
burst. The catkins of the delicate, twiggy 
birch, the stiff hazel of the hedgerow and 
the alder by the waterside provide clues in 
these cases. In the woods, the thin, closely- 
tucked spikes of the hornbeam and the 
knobbly ends of the oak are unmistakable. 
Along the hedges the reddish clusters of the 
maple are quite common, and here and 
there, standing aloof, the three-armed tips 
of the branches of the wayfaring tree with 


the fat flower bud in the centre may be 
met occasionally. Lastly; the numerous tight 
points of the water-loving willow seem almost 
ready to burst into the soft downiness of 
their spring jackets, Plate IV. 


LESSON UNIT I—TREES : DISTRIBUTION 
AND ECONOMIC IMPORTANCE 


Introduction.—The children might first of 
all be given a simplified street map, ifina 
town, in which to note the distribution of 
trees in their own neighbourhood. Symbols 
or letters would denote each kind. Alterna- 
tively, they might make a tree map of an 
adjacent park. 


Development.—From these, two points 
would emerge ; first, that all these trees have 
been planted; secondly, that certain trees 
have evidently been found more suitable for 
the purpose than others. Thus, a park may 
have many well-grown specimen trees, but 
in the streets there will be less variety and 
certain well-tried kinds, such as lime, plane 
or sycamore, will be used extensively. 

This raises two questions:—Are various 
conditions required for various trees? What 
conditions are needed by trees? 


1. Conditions influencing distribution of 
trees.—Here a vegetation map of the world, 
shown in most school atlases, might be 
consulted and the distribution of trees 
noted, Plate V. For instance, if Philip’s 
Modern School Atlas is used, the key shows 
that coniferous forest, broad-leaved (bes 
deciduous) forest and meadow, evergreen 
trees and shrubs, and tropical forest occupy 
broad, well-marked areas. 

Make two blackboard tables of these 
forest lands and their distribution. Then 
add, by consulting other maps in the atlas, 
the outstanding features of position, tempera- 
ture and rainfall. It may well be that winds 
are important, too, but the effect is not so 
easy to indicate or estimate. The tables 
might be arranged somewhat as follows: 
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TREES IN NORTHERN HEMISPHERE 


When the two tables 


Latitudes. Continents, Rainfall. 
= i Low ARIS 

Coniferous. | Mainly 45°-75° with | N. America. | All seasons. 

` | strips in mountain- | N, Europe. Summer about 
ous districts as far | Asia. 10-20 in. 
south as 10°. 

Deciduous, | South of the coni- Very little in | All seasons. 
fers. Chiefly tem- | Africa. Up to 40 in. 
perate zone (60° | but may be 
30) but reaching | only 10-20 in. 
nearly to equator in 
S. China. | 

Evergreen. 35°-45°. Round Mediter- | Greater in win- 

ranean, ter. 
287-38?. N. of Gulf of | Up to 8o in. 
| Mexico. 

Tropical. | To about 28°. S. America and | 8o in. and over. 

into N. America. 
| Africa. 
S. Asia. 
TREES IN SOUTHERN HEMISPHERE 
Latitudes, Continents, Rainfall. 

Coniferous. | None. 

Deciduous. | Temperate zone, A little in E, 40-80 in. 
22°-55°. Australia and S, 

des. 
Evergreen. | 30?-40?, S. Australia, Greatest in 
their winter, 
5-40 in. range. 
pou e DOR 


notice the following facts:— 
(a) Coniferous trees are 


are compared we 


there 


are no conifers, 
note that the conifers ar 
arctic circle by dwarf 


| 487-80 . 


There is only snow-covered land in the 
Corresponding region of the antarctic, s 
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e represented in the 
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PLATE V. 
WoRLDp DISTRIBUTION OF TREES 


(Class Picture No. 15 in the Portfolio.) 


deciduous trees found—willow, birch—are 
also dwarf forms. Such trees can survive 
the cutting winds of the winter only if they 
are beneath the snow; hence they grow only 
to a height that the snow covers; any buds 
above this are nipped by the wind. The 
trees are therefore flat, as if sheared off. 

(b) On the whole, the conifers grow in 


regions of less rainfall than the deciduous 
trees. Probably their narrow, tough leaves 
give off less water and so the roots do not 
need to take in so much. 

(c) The deciduous trees are the typical 
trees of the temperate region. They share 
the land with the grasses—prairies, steppes, 
meadowland—and it is chiefly a difference 
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in water supply which determines whether 
trees will succeed in the struggle for existence. 

Notice the effect this has had on the life 
of man. If trees grow, man will take to hunt- 
ing and woodcutting. He will export skins 
and wood. This is true whether the woods 
are coniferous or deciduous. If grasses are 
established, the land becomes the haunt of 
wild horses and cattle, and man the hunter, 
who first hunts these animals, gives place 
to man the cattle breeder and horse breeder, 
and later, the grower of corn. So that 
the destiny of the races of man has been 
linked up with the destiny of trees or grass- 
land. 

Cattle may, by grazing, gradually increase 
the grasslands and cause the trees to dis- 
appear, since they destroy the trees by tear- 
ing off bark and branches, and, by eating 
the young seedlings, prevent new ones from 
growing. Rabbits may, in England, have the 
same effect. 

In another way, trees in masses influence 
the life of man, for the water drawn up 
through their roots passes at last out of 
their leaves, the great mass of vapour con- 
denses and forms clouds, and in due time 
these descend again as rain. It is, therefore, 
of great importance not to cut down trees 
recklessly without giving thought to the 
effect this may have on the climate. It is 
said that the rocky island of St. Helena was 
made barren by the cutting down of its 
trees. 

(d) Notice the tremendous rainfall associ- 
ated with the tropical forests, whereas the 
tropical lands with little rainfall are desert. 
The process works in a circle, for the rain 
pours down and the massive trees soak it 
up rapidly, passing it on again. The cooler 
night causes condensation, clouds form and 
the rain falls again. Hence heavy storms 
at frequent intervals are characteristic of 
tropical forests. If possible, read some first- 
hand description of tropical rain forest from 


- . books of travel or good novels; e.g., W. H. 


Hudson's Green Mansions. 
One other point is of interest in connection 
with the world distribution of trees, and that 
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is their vertical distribution, Plai 
as we find tropical trees in the ! 
wettest lands, then deciduous 
temperate climates and conifers in 

north temperate zone, so we find in climbing 
a mountain that, in passing from the warm 
damp valley to the cold, windswept and 
well-drained summit, we pass from a region y 


tree 


of broad-leaved trees with tender leaves, to!] 
the small-leaved conifers, and finally beyond 7 
the trees to grass and, last of all, bare rock 


covered only with dry lichens as in the 
arctic circle. It is possible in a tropical 
region to climb up a mountain 
Kilimanjaro in British East Africa, not / 
4° N. of the equator, from tropical forest 
right through all these zones of vegetation 
and emerge in a region of perpetual snow. 


2. Soil conditions.—We now know some- 
thing of the conditions which influence the 
distribution of trees—rainfall, winds, tem- 
perature, and because of this, height or 
latitude. But there is another factor which 
may determine what trees will naturally 
grow in particular places, and that is the 
character of the soil. 


divide soils 


Broadly speaking, we may 
into sandy, chalky and clay soils, with the 
acid peat soils found in marshy districts. 
An examination of the trees in our own 
country will show us that there is a definite 


relation between the soil and the native 
trees found. 

If oak and ash trees are the commonest 
trees in the school neighbourhood, it will 
probably be found that the soil is based on 
clay. If oak and birch trees or pine trees 
are abundant, then most likely there is f 
sandy heath. Beech trees love the chalk 7 
country. Willows and alder flourish in 
damp, waterlogged soil—it probably con- 
tains a good deal of clay. Sweet chestnut 
trees are said to be "lime-shy," because 
they cannot bear lime or chalk in the soil; 
neither can rhododendron shrubs. : 

The various trees tend to be associated ~ 
with particular kinds of undergrowth; thus — 
primroses and bluebells are found in beech — 


such as EI 
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woods, bluebells and bracken in oak woods. 
Some trees cast such a deep shade that 
nothing can grow under them in the summer; 
for instance, both beech and pine woods are 
dark and have little undergrowth. 

It would be interesting to follow up this 
lesson by trying to make a complete list 
of all native trees which can be found in 


the neighbourhood, if the school is in the 
country, and by consulting the geological 
drift maps to see what kind of soil underlies 
them. 

Attention might also be drawn to the use 
made of trees in binding sand dunes or 
swamps, and thus reclaiming land; e.g., the 
pine forests of the Landes, in France, 
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LESSON UNIT II—SOIL 


This also gives suitable work for the 
winter months when little living material 
is available. 


Introduction—It has been found that 
plants grow better in soil than in sand or 
water. The next thing to do is to find out 
something about the properties of soil which 
make it suitable for plant growth or other- 
wise. As was mentioned in the previous 
lesson, agriculturalists speak of soils by 
different names: such names as heavy loam, 
sandy, clayey, or chalky soil, indicate their 
contents. They also speak of the surface 
soil and the subsoil. What do these names 
mean? What kind of soil is in the neigh- 
bourhood of the school? 


Development—1. Surface soil and subsoil. 
—If we dig in any soil, we find a layer at 
the top, perhaps 8 in. to 1 ft. in depth, which 
is darker than the soil further down. It 
can be shown that it is the humus which 
` makes the surface soil look dark. 

Dig up samples of surface soil and subsoil 
from the school garden, if possible. After 
examining their general appearance, take 
samples of each for rough analysis by the 
sedimentation method. : 

Using equal quantities, pour a little water 
on to each sample in a beaker, stir and allow 
to settle. At the surface of the water con- 
taining surface soil, an accumulation of 
irregular particles of humus will be floating, 
whereas the water containing subsoil will 
have little or none. 

Pour off the water and examine some of 
the humus with a lens. Broken bits of roots, 
stems and leaves can usually be identified. 

Again pour water on the two samples, 
shake up or stir, and allow to settle. The 
water will be clouded for some time while a 
sediment is settling at the bottom, the 
coarsest and heaviest material forming the 
lowest layer, with finer layers above, until 
eventually the finest powder forms the top 
layer and the water is clear. 


The finest substance is clay, ! 


substances sand and gravel TI can be 


further separated, if desired, repeated m 
washings, the liquor being pou off and 3 
kept. When all clay has been wa-hed out; 
only sand and gravel remain. ien. thee 
sand is decanted by being swirl und in 29 
water and poured off, the gr is left 2 
behind. 3 

A more accurate method of ation 
is the dry method, using thi indard 
sieves. The finest allows only cl ) pass, 
the coarsest retains gravel. It is to use 
three of these sieves. The grad ns are ii 
accepted for classifying all soils. 1 lassifi- 
cation is, however, according ze Of 
particles only, and does not really iguish 
substances. For instance, large | les of 
chalk would count as gravel, very chalk 
as silt or clay, while there m be in 
any soil exceedingly fine, abra rains 
of sand mixed with the clay either 
method. 

Loam indicates a soil with a good deal of 
humus mixed with the sand and gravel, but 3 
there are heavy loams (or clayey ! s) and i 
light loams (or sandy loams). 

The physical characteristics of soil exert] 
some influence on the growth of plants, © 
chiefly because they affect the water and — 
air content, It is important that the roots 7 
shall be able to obtain air as well asi 
water. Sandy soil has large air spaces, clay 
is more finely packed. The air space and the 7 
water-holding capacity will, of course, be 
the same. 


The drainage of soil also depends on the - 


constituents of the soil, as every gardener 
knows. A light, sandy soil drains quickly, 


whereas clay soils hold water. Evaporation 
is also more rapid from the soils that have | 


large air spaces. The addition of humus Of 
stable manure helps the soil to retai 
moisture. 3 


9. Capillary attraction.—Another feature 


of importance is the capacity to raise water 
from a lower level. This again depends upon 
the size of the air spaces, since these act as 


coarsest 
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capillary tubes, raising the water by the 
attraction exerted by their walls, 

Capillary attraction can be demonstrated 
by taking a beaker or tumbler of water and 
some glass tubing of different thicknesses. 
The narrowest should be prepared by draw- 
ing out in the Bunsen flame a length of 
about ro in. as finely as possible. Take a 
piece of fin. thin-walled tubing, heat it in 
the top of the blue flame till quite soft, then 
remove and pull firmly till the required 
length and thinness is obtained. Cut this 
thin piece off by drawing a file sharply 
across at each end of it. 

Fill the tumbler till it is on the point of 
overflowing, and notice the convex surface 
of the water above the level of the rim. 
Now pour some out. The surface is no 
longer convex, but very slightly concave, 
because it is being pulled upwards at the 
edge by the wall of the vessel. 

Dip the series of narrow tubes into the 
tumbler. Coloured water may be used to 
make this clearer. Notice the surfaces. 
They are not only more hollow than the 
broad surface of the water in the tumbler, 
but are actually drawn up slightly above its 
level. The narrower the tube, the higher is 
the level of liquid in it; that is, the greater 
is the pull or force exerted by the walls. In 
the narrowest tube the water may be 2 in. 
to 3 in. higher than that in the tumbler, 

In the same way the spaces between the 
soil particles act as exceedingly fine tubes, 
therefore they also may exert great attrac- 
tion. This is known as capillary attraction. 
Capilla—a. hair. 

To demonstrate this, take three pieces of 
glass tubing of 1 in. diameter, and 2 ft. to 
3 ft. long. Plug one end lightly with cotton 
wool, and fill tightly with (1) ordinary 
garden soil—a medium loam perhaps; (2) 
clay, finely powdered so that it will shake 
down; (3) sand. All these should previously 
be air-dried by spreading in shallow trays 
for some days. Dip the three tubes in a 
small bowl of water and clamp them in 
position, using a retort stand. Mark the 
position reached at once by the water, 

C— VOL. II-S 


Watch and mark every minute, for about 
a quarter of an hour, then at regular inter- 
vals as often as possible in the next few 
days. 

The level in the sand will rise rapidly at 
first, but will soon become stationary. In 
the clay, water will rise slowly at first but 
will continue rising for several days, and will 
probably eventually reach about 2 ft, 

The rise in garden soil will be inter- 
mediate both in speed and ultimate height. 

In clay soil, rain which drains some dis- 
tance down may therefore, in due course, 
find its way upwards again through the 
capillary attraction of the small tubes 
formed by the soil particles, and so become 
available for the roots of plants. 

Note.—In order to carry out this experi- 
ment satisfactorily, in filling the tubes, very 
little clay, etc., must be shaken in at once, 
and it must be packed closely. If this is not 
carefully carried out, cracks appear when 
the water has risen a little way, breaking 
the column across and so interrupting the 
rise of water and spoiling the result. The 
cotton wool must not be tight enough to 
interfere with the rise of water, but is 
merely to prevent the soil from falling out 
at the bottom. 


3. Air capacity of sand and clay.—To 
show the air capacity of sand and clay, take 
equal quantities of sand and clay in two 
graduated measuring cylinders and pour 
water in until it just reaches the surface, 
noting the quantity of water used. This is 
not a very accurate method, but serves for 
comparison if the surface of sand and clay. 
look equally wet. 

A better method, which also compares 
drainage capacity, is to take equal quantities 
of sand and clay, by volume, and place them 
in funnels lightly plugged with cotton wool. 
Pour equal quantities of water through the 
funnels into measuring cyclinders and read 
the measurement as soon as the drip ceases. 
The difference between the quantity of water 
poured in, and the quantity which comes 
through, shows the volume of air space in 


7 
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the sand and clay. The clay will be found 
to hold its contents longer, while water runs 
through the sand quickly. Cover the funnels 
after the water has been poured in, to 
prevent any loss by evaporation which might 
slightly affect the result. 

For further experiments on the properties 
of soils, consult Dr. E. S. Russell’s Lessons 
on Soil. 


4, Source of food for plants.—Although 
the subject of the chemical composition of 
soil is beyond children’s understanding, it 
might here be mentioned that the soil actually 


provides the plants with food, dissolved in 


the soil water. The source of this food is 
twofold. 

First of all, the decaying vegetable matter, 
called humus, supplies food. Before humus 
can be dissolved in water in a suitable form 
for plants, it is acted upon by tiny living 
creatures—really exceedingly small plants— 
living in the soil. These useful little creatures 
are closely related to the "germs" which 
cause disease. Like them, they are called 
bacteria. They work away amongst the 
humus in order to obtain food for themselves, 
and in so doing they change it into a form 
which the roots of plants can use. 

Tf some clover roots are dug up, it will be 
seen that they have small blisterlike growths 
called nodules attached to them. These 
nodules are caused by a special kind of soil 
bacteria, which live inside them and help 
to provide food for the clover plants as well 


as for themselves. They work so hard that 


after clover, peas or beans have been in the 
soil, the soil is made much richer for the 
crop that follows. 

The second source of food is quite different. 
The clay, sand and chalk which form the 
soil have been worn away from rocks, which 
contain many kinds of mineral substances 
such as common salt and Epsom salts. Some 
of these mineral salts are necessary for the 
growth of both plants and animals. Plants 
obtain them dissolved in the soil water, and 


animals obtain them by eating vegetables 
and fruits. 


LESSON UNIT III HOW PLAN 
FOOD FROM THE SOIL: ‘HE 
WATER CURRENT 


Introduction.—Everyone kno at both 
seedlings and older plants requi ter and 
die without it, and that the wate: bsorbed 9 
by the roots from soil. Why do t reed it? 

Development—1. Why plants nec water.— - 
(a) In the first place, a plant ived of 
water soon becomes limp and ps, OF, 
in the case of a woody plant, ls and 
becomes brittle, while its leaves Even 
a tough evergreen twig of holly signs 
of shrinkage and the leaves curl ft for 
a few days out of water, thoug! vinter, 
if placed in water, the leaves drop l'here- 
fore, water is needed to fill the t sofa 
plant and keep them turgid. 

(b) The plant dies without water, because 
water is necessary to the living su ce, OF 
protoplasm. 

(c) It may be that there are su! stances 
necessary to the plant, dissolved in so:i water. 
This can be investigated by taking four well- 
grown seedlings of equal size—e.g. ins or 
broad beans—and growing one in tap water, 
one in distilled or rain water, one sand 
and one in soil, both kept well watered with 
distilled or rain water. 

At first little difference may be noticed, 
as the seedlings may still be making use of 


the store of food in their cotyledons, but 
later the differences will be marked. 

Does the plant in soil grow best? If so, 
there would seem to be something present in 
Soil which is not present in the other three 
Cases, 

Remember this result: it will be followed 
up ldter. For the present, we will inquire 
into the way in which roots take up water 
and where it goes. 


9. The taking in of water by roots.— 
Examine carefully the roots of the plants 
used in the preceding experiment. 

You will probably find a much more 
extensive system of branching in the two 
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grown in sand and soil than in those grown 
in water. Compare also the roots of hyacinths 
grown in water with those grown in a bowl. 
You will also find that just above the tip of 
the roots, extending for some distance, 
there is a fringe of delicate white root hairs, 
which are not found in the plants grown in 
water. Now it would seem that it is less 
difficult for the plant actually having its 
roots submerged in water to obtain water, 
therefore it appears that the branching and 
the root hairs assist the plants in soil to 
obtain it. 

This suggests two questions: 

(a) Would plants in drier soil produce 
more root hairs? 

(b) If the root hairs are removed, what 
lappens? 

Set up experiments to find the answers to 
these questions. The results would show that 
the absorptive part of a root is just above the 
ip, the region of the root hairs, and that 
he drier the soil, the more roots hairs are 
xroduced. For convenience in seeing this, 
grow plants in glass jars lined with blotting 
paper, pushing the seeds between the paper 
and the glass. The jars can be filled with 
sand or sawdust, to which measured quanti- 
ties of water are supplied at fixed intervals. 

The next question is:—Where does the 
water go after entering the plant? 

By placing seedlings in diluted red ink, 
it will be seen in a few hours that the coloured 
water has passed up the roots into the stem 
and leaves. Cut the stem across; red dots 
will show that the ink has been confined to 
particular channels, the veins. 

This may be emphasised by repeating the 
experiment with a stick of celery, in which 
the veins are very clearly marked. Some 
of the veins may be stripped away, when 
they will be found to be tough, supple 
fibres, 

Many stems, when cut across and examined 
with a hand lens, show the veins. 


8. Transpiration.—Now if water is con- 
stantly taken in by the roots and passed up 
the stem of a plant, though some of it is 


used for growth, yet a good deal more must 
enter than the plant could possibly contain. 
What becomes of it? 

This may easily be seen by placing a 
well-watered pot plant or a spray of leaves 
in water, under a bell jar. Cover the surface 
of the pot or jar with tinfoil or cardboard 
to prevent evaporation from the surface. 
In a few hours drops of water form on the 
sides of the bell jar. These must have come 
from the leaves. No water can be seen 
escaping, however, since it passes out as 
vapour. This process is called transpiration. 

A control experiment should be set up, in 
which the same things are used, with the 
plant left out. No water appears on the 
bell jar in this case. 


4. The conductive cylinder.—In young 
plants, isolated veins are sufficient to carry 
the supply of water up from the roots, but 
as plants grow in thickness more tubes are 
needed for this purpose. The need is met 
by new tissue forming between the original 
strands and, later, there is still greater 
growth both towards the centre and towards 
the outer surface, until eventually a firm, 
compact conductive cylinder is formed. This 
serves the double purpose of providing for 
conduction and for mechanical support, for 
the greater part of the tubes and fibres 
which compose it have their walls strongly 
thickened with wood. (The outer part of 
the conductive cylinder, called the bast, is 
concerned with carrying sap down the stem 
and distributing dissolved food material 
made by the leaves. For the time being 
this need not be mentioned, till something 
has been learnt of the work of the leaves. 
Separating the two tissues, wood and bast, 
is an actively growing layer from which 
both are formed.) 

If a woody stem, such as a twig of lime or 
lilac in full leaf, is placed in red ink and then 
cut across, a continuous red ring will mark 
the position of the water-conducting wood. 
This, however, must be left till the summer. 

If branches of some trees can be obtained, 
they may be sawn across and the cut surface 
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sandpapered and then lightly polished with 
linseed oil. It will then be possible to dis- 
tinguish the characteristics of a mature 
woody stem, Plate VIII. 

On the outside is a layer of bark, quite 
thin in a young branch, growing thicker 
each year. 

Just underneath this there may still be 


a narrow band representing the soft ground 
tissue or cortex which in a seedling, such 
as broad bean, makes up the greater part 
of the stem. A thin, whitish line is the outer 
part of the conductive cylinder, the bast. 
This tends to get crushed against the bark by 
the pressure of the vigorously growing wood, 
so that only its innermost part is in use. 
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The greater part of the cylinder consists 
of wood. The older wood, pushed towards 
the centre, is no longer of use in conducting 
water, but becomes very hard and often 
contains substances, such as tannin in oak, 
which preserve it. This is called heart wood 
and is usually darker in colour than the 
active or sap wood. 


Medullary rays.—Fine lines radiate through 
the wood from the centre to the bark. These 
make it possible for liquids to pass hori- 
zontally, and thus food can reach all parts 
and keep the plant alive. (They are called 
medullary rays.) Their workis very important, 

One also notices light and dark alternat- 
ing circles throughout the whole of the wood, 
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This ‘appearance is due to the fact that 
growth is quicker, and therefore the wood 
is more open, and lighter looking, in the 
spring and early summer than in the late 
summer. The closer growth causes the 
appearance of dark lines terminating each 


year's growth. Hence we Speak of the 
annual rings, 


Veins.—The veins are continued through 
roots, stems and leaves, so that water can 
pass through the whole plant. When it 


teaches the leaves, it Passes into air spaces 
and escapes as vapour through pores which 
lie chiefly on the under surface. 

In order to see the veins in a stem clearly, 
boil a piece of celery gently until it is quite 
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soft. The softer tissue can then be brushed 
away and the stringy veins will remain. 

To see the network of veins in leaves 
search amongst heaps of decaying leaves 
for skeleton leaves, or prepare some box 
leaves by boiling gently in an enamel cup 
of rain water until the soft tissues can be 
brushed away. A “nut” of potash may be 
added to hasten the process. 

Pores.—To see the pores, or stomata, on 
the surface of leaves, take some box leaves 


FrG, 15. Lirac Twic, with A BAND 
or OUTER TissuE REMOVED TO ÉxPosE 
THE Woop 


and boil as before with a piece of potash the 
size of a hazel nut in a cup of water. Cut 
off the edge of a leaf with sharp pointed 
scissors. It is then possible to separate the 
upper or lower skin, or epidermis, of the 
leaf from the middle part. If the lower 
epidermis is placed on a glass slide and 
examined with a hand lens, the pores or 
stomata can be seen quite easily, Plate IX. 

Note.—The experimental work indicated 
here should be followed up in the summer by 
revising the subject matter and setting up 


the following experiment on the conduction 
of water. Take a leafy twig; eg. lime or 
lilac, and cut away a band 1 in. long of the 
soft outer tissue, exposing the woody centre, 
Fig. 15. Place this in water for a day or 
two. It will be found that the leaves above 
the cut are still alive, showing that water 
has risen to them through the central part, 
or wood. This does not, however, prove 
that the outer parts do not conduct water 
upwards. It is very difficult to remove the 
woody cylinder and leave only the bast, 
which would be necessary to prove this. 

Some trees develop comparatively little 
wood and retain a soft, pithy centre for a 
long time. Elder is an example. Its branches 
are easily snapped. 


LESSON UNIT IV—FOOD OF YOUNG 
ANIMALS 


Introduction—We have seen that it is 
very important for young plants to have a 
concentrated supply of food to start them 
on their way, and that many of those with 
a small supply quickly send up their cotyle- 
dons to do the work of foliage leaves and 
make food for them. 

In the same way it is important for young 
animals to have an ample supply of food 
during the time of most active growth and 
development. By growth we mean increase 
in size: by development we mean the changes 
which transform an egg into a mature 
animal or plant; that is, the formation of 
the various organs and tissues. 


Development.—Animals, like plants, may 
provide their offspring with very little food, 
in which case the eggs hatch quickly and 
the young are capable of looking after them- 
selves at once. Compare seedlings with 
epigeal cotyledons. Many insects, e.g., gnats, 
have almost yolkless eggs. 

Fishes have a fair supply of yolk, and after 
the young are hatched, though they swim 
about and are beginning to feed themselves, 
they still carry the yolk sac, protruding 
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from the underside of the body, until the 
yolk is completely absorbed, Fig. 16. 

Snails and slugs have a moderate supply 
of yolk. The pond snail, limnoea, takes 
about a month to hatch, the common black 

. slug about sixty days, and during this time 
they are developing, so that when they 
hatch they are complete, though minute, 
snails or slugs. 

The earthworm egg has little yolk but a 
number of eggs are laid together in one 
capsule, or protective case, of yellowish 
parchmentlike substance, and as soon as 
they hatch the worms inside the capsule 
begin to feed on one another, until only one 
at last emerges. This is a clear case of 
"struggle for existence" and "survival of 
the fittest,” Darwin's phrases, operating at 
a very early stage in their lives, 


Fic. 16, 
FISH WITH York Sac 


Birds’ and reptiles’ eggs are supplied with 
a large quantity of yolk compared with 
most other animals. There is, however, a 
great range in the size of birds’ eggs, and 
again we find that those with a small yolk 
tend to hatch comparatively early. In this 
case, the young are usually helpless, while 
those with a large yolk are retained longer 
in the egg and are more mature when 
hatched. This is not, however, an invariable 
tule. Most of the ground-feeding or water- 
feeding birds nest on the ground, or amongst 
reeds, and their young can walk or swim 
and dive as soon as hatched ; €g, the 
common fowl and duck, partridge, moorhen, 

If birds are hatched at an early stage, 
this entails that the parents shall feed them 
until they can find their own food, as well 
as keeping them clean and safe, so that we 
see that the family life of birds is linked 
with the necessity for feeding the young, 
The same thing is, of course, true for mam- 
mals. Where the young are helpless and need 


to be fed, the family, and the f the 
parents, are necessary to their su il. 

In mammals, the egg has prac! ly no 
yolk, but a new solution of the | m. of 
feeding the young has been found. ilised 
eggs are kept inside the body of t! ther 
in a sac, the uterus, and after th has 
started growing it becomes attach ) the 
wall of the sac, through which blo ssels 
pass into the embryo animal, brir food 
and oxygen to it. This is the mo tain 
way that is known of ensuring dy, 
regular and sufficient supply of food, while 
at the same time the developin mal, 
or embryo, is carried about in safe! 

After birth the young animal i by 
the mother by means of milk, mad: the 
milk glands or mammary glands wh ive 


the name of mammals to the group. Kittens, 
puppies, lambs, calves and human 
are all fed in this way. 


PRACTICAL WORK 

This work is for demonstration í he 
class. 

1. Place a hen's egg in an enamel dish of 
water, and carefully chip round it, length- 
wise, with fine pointed scissors. Half- the 
shell can then be lifted off to exposc the 
yolk and white, or albumen. On the upper- 
most side a white spot will be seen. This is 
the "germ," consisting of protoplasm. It 
is this alone that gives rise to the chick. 
The yolk, enclosed with the "germ" in a 
thin membrane, is the food supply. Yolk 
and "germ" are suspended in the albumen, 
in which they float, by a twisted rope of 
albumen attached as the egg is passing 
slowly, with a spiral movement, down the 
oviduct or egg passage. Lower down, the 
shell is added in the same way. The albumen 
serves as a water bath to protect the embryo 
from shock, violent contact or undue pres- 
sure. It swings as a boat at its moorings, 
only it is moored at both ends, Plate X. 
The albumen is not a food supply, except 
Just at the end of incubation. Compare it 
with the jelly surrounding a frog's eggs or 
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a water snail’s eggs, serving the same 


purpose. 
Let the children draw and label the parts 
of the egg. 


2. Obtain eggs of slugs and snails and 
capsules of earthworms, and keep on moist 


soil in covered saucers; the development 
can then easily be watched. If an earth- 
worm’s capsule is broken open, several small 
worms can usually be observed with a good 
hand lens: They can usually be found 
in damp earth or heaps of decaying 
leaves from March onwards, but the slugs’ 


and snails’ eggs will not be found till 
"about June. Slugs’ eggs are opaque, snails’ 
eggs transparent globules about $ in. in 
diameter. 


3. Collect and keep any eggs that may be 
found in the garden, if possible until they 
hatch; e.g., millipedes, earwigs. Examine 
with a lens. Make notes on what is observed. 
All the examples named have direct develop- 
ment; that is, the offspring only differs 
Írom the parent in size, colour and degree 
of development. Many insects, however, 
have a larval stage which differs pro- 
foundly from the parent in structure and 
habits. 

If it is not possible to obtain all this 
material at the time of the lesson, the need 
should be borne in mind and material 
supplemented later. 

Another method of keeping such material 
under observation is to fill a straight-sided 
lamp glass with finely sifted soil, well damped, 
and place this in a saucer of water, covering 
the top with a glass plate which should be 
removed frequently to admit air. 


LESSON UNIT V—ANIMALS WHICH 
FEED ON VEGETABLE FOOD 


Introduction.—We know that ultimately 
all animals depend upon plants for food, 
whether they themselves eat plants or not. 
Food chains may be arranged, showing that 
this is so; e.g.: 


Tiger Weasel 


deer or cattle field mice 

| 
grain 
roots 
larvae, 
e.g., of bees 
honey 


Brass and herbage. 


nectar of flowers. 
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Thrush Fish 
| | 
earthworms larvae 
| eges 
decaying leaves “fry” of 4 
and small anim: 
roots. | 
minute wat lants. 
Vegetable tissues are more diffi n the 
whole, to digest than animal tissuc., because 
of the tough cell walls of cellulo otton 
wool is an example of pure cellul. l'here- 


fore, we find that special arrang: its are 


needed in order to digest it. We take 
the rabbit as an example amongst ügher 
animals of a vegetable feeder, or hy rous 
animal. 

Development—1. Characteristics the 
rabbit.—The rabbit is a mammal be ng to 
the family of rodents; that is, anim hich 
gnaw their food. Many member this 
group will feed largely upon you bark 
and the wood of young trees, tho: they 
eat green herbs, grain and seeds well, 
The rat, mouse, squirrel and beave: all 
rodents. 

Watch a tame rabbit feeding. Give it 
lettuce, a little stale bread, a carro! or a 
piece of apple, and notice how it tales it. 
First of all it sniffs at the food and, having 
decided that it is desirable, the soft lips 


grasp it, the cleft upper lip helping it to 
grip. The food is then bitten off by nibbling 
movements, If a piece of carrot which the 
rabbit has been biting is examined, the 
tooth marks show how it has been scraped 
away, not bitten off in large pieces. If an 
old tree trunk or branch is placed in a rabbit's 
enclosure, it will occupy many hours exercis- 
ing its teeth on it and keeping them sharp. 


9. Formation of skull and teeth.—Now 
examine the skull of a rabbit, Plate XI. A 
skull can easily be prepared by gently boiling, 
then scraping away the flesh and cleaning 
With a stiff brush and a small soft paint 
brush. It can be shown to the class and 
afterwards examined individually, enlarged 
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CRANIUM OR 


BRAIN CASE 


HINGE OF 
LOWER JAW 
WITH SKULL 


LOWER JAW 


UPPER JAW 
FROM INSIDE, 
SHEWING TWO 
TEETH BEHIND 
OUTER TWO 


ORBIT OR 
EYE CAVITY 


NOSTRILS 
UPPER JAW 


CHISEL-LIKE 
INCISORS 


GAP SEPARATING FRONT 
FROM BACK TEETH 


SIDE VIEW 
OF UPPER 
INCISOR 
CHISEL — 
EDGE 


PLATE XI. 
RABRIT’S SKULL AND View OF UPPER JAw 
(Class Picture No. 6 in the Portfolio.) 


sketches on the blackboard bringing out the 
chief points to be observed. The lower jaw 
is hinged far back, below and behind the 
eye socket, to an arch of bone attached to 
the skull. The skull proper, or cranium, is 
the bony case which encloses the brain. It 
has free movement, up and down, upon the 
rigidly fixed upper jaw. 


At the front of each jaw is a pair of 
straight-edged, sharp teeth for biting or 
gnawing. These are the incisors. A smaller 
pair of incisors lies behind those in the 
upper jaw. This is peculiar to the rabbit. 
The incisors meet one another. Biting keeps 
them sharp. The enamel covering the front 
of the teeth is thicker than the rest and is 


= 


worn away less rapidly; the teeth are there- 


= fore worn to a chisel edge; that is, bevelled 


on the inner surface of the edge. The value 
of this for cutting wood and hard substances 
can be seen. 

A gap separates the incisors from the cheek 
teeth. This seems to help the lips and 
tongue in drawing food into the mouth. It 
is characteristic of all herbivorous mammals 
and can easily be noticed in the horse. 

The cheek teeth grind and break up the 
food; they are therefore called grinders or 
molars. They have a grooved edge and a 
rectangular, grooved biting surfate, and as 
they lie close together this results in a 
series of ridges which work upon one another 
to grind up the food. There are six in each 
upper jaw and five in each lower jaw. The 
teeth grow continuously from the roots, so 
that as they are worn away the loss is made 
up for. Occasionally a rabbit has a tooth 
broken and then the opposite tooth goes on 
growing and has been known to grow into 
the jaw so that the mouth was closed and 
the animal died of starvation. 

The useful chisel edge to the incisors and 
broad grinding surface to the molar teeth 
are found in all herbivorous animals, though 
they are quite unrelated. The crown of the 
molars in a horse is worn down so that a 
pattern of curved ridges of enamel forms the 
hard grinding surface, with the softer sub- 
stance, dentine, which forms the inside of 
teeth, filling the hollows. 


3. Digestion—The work of digestion is 
carried on by special tissues called. glands, 
Whose secretions are poured into the food 
canal. We have seen that milk is produced 
by glands. The first of these digestive 
Juices is called saliva, which is poured out 
by the salivary glands in the mouth cavity. 
These glands lie under the skin which lines 
the cavity, the mucous membrane, and 
open into the cavity by narrow tubes or 
ducts. Saliva changes starch to sugar. 

In vegetable feeders the lower part of 
: the food canal, the intestine, is extra- 

ordinarily long; the sac or tube called the 
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appendix, which in man is usel d often 
troublesome, is in rabbits and sl ctively 
associated with the digestion llulose. 
Probably the length of intestine cessary 
because a great bulk of food to be 


absorbed through its walls i ler to 
extract sufficient nourishment, í etable 
food consists largely of water, wl seeds, 
eggs and flesh of all kinds are n 


neen- 

trated and less need be eaten 
If a well-grown tadpole is ex: ed the 
long intestine showing through t! n can 
be seen on the underside, coiled li watch 


spring. It is longer in proporti this 
stage, when the tadpole feeds v on 
plants, than in the adult frog 


PRACTICAL WORK 


1. Examine and draw the skull o 
to show the incisors, the molars 


bbit 
the 


gap which separates them. Loo! the 
chisel edge of the incisors and draw 
the surface of a molar to show th: lged 
crown. 

2. Using a lens, draw a tadpole from 
the underside to show the long coiled 
intestine. 

8. Take a small piece of unsweetened 
biscuit, or a little arrowroot or cornflour, 
and chew it very slowly. After a time it 


will become sweet, showing that saliva is 
changing it to sugar. 


4. Make a little starch paste in a test 
tube, divide it into two parts and test one 
with iodine, Mix saliva thoroughly with the 
other, and leave it to stand for some hours 
in a warm place (for the mouth cavity is 
warm) or heat it very gently. Test this also 
with iodine. Starch is no longer present, but 
the whole substance has become liquid. 
Other digestive juices perform a similar 
action, dissolving other food substances. We 
have previously seen how many foods con- 
tain starch, so the action of saliva is 
important. 


BIOLOGY IN THE 
LESSON UNIT VI—FLESH FEEDERS 


Introduction.—There is a great difference 
in temperament and social habits between 
the animals which feed on plants and those 
which feed on other animals which they 
have to capture. Herbivorous animals are 
on the whole timid, gentle creatures which 
prefer, in the case of danger, to hide or fly 
from it, though there are exceptions in the 
case of mothers with young—cows, bison, 
deer—and males, especially in the breeding 
season—deer, bulls. Many of them live 
peaceably together in colonies or herds— 
rabbits, deer, cattle, wild horses—though 
on the other hand there are many living 
either solitarily or in pairs—squirrels. Car- 
nivorous animals are by nature more feroci- 
ous, bolder, less easily frightened away, 
though cunning and cautious, not showing 
themselves or running into danger unneces- 
sarily. Few of them hunt in packs; wolves are 
one of the exceptions. 


Development—1. Characteristics of mam- 
mals.—The need for hunting develops certain 
qualities in the hunter. Carnivorous animals 
are intelligent, generally more so than 
herbivores. They learn all the features of 
the country they live in and the ways of 
the creatures they victimise. In most cases, 
they are capable of very quiet, stealthy 
movement, and can stalk their victims. 
Their movements are also very quick, and 
nearly all can leap or spring upon their 
victims with great force. 

Many are nocturnal in habit. So, in some 
cases, are the animals upon which they 
prey. In any case, many animals in the 
wild state frequent water holes either late 
in the evening or early in the morning, and 
this gives the carnivores their chance. 

Both hunters and hunted have very keen 
senses. Their sight, hearing and sense of 
smell are acute, either for detecting the prey 
or escaping the hunter. Well-developed 
external ears are perhaps more marked in 
the hunted, such as rabbits, deer, cattle 
and horses. 
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Incidentally, it may be mentioned here 
that primitive and savage men were, and 
are, amongst the most skilful of hunters, 
and that a good deal of man's intelligence 
owes its development to the primitive need 
to outwit or circumvent the animals he 
hunted. 


2, Formation of skull and teeth.—Physic- 
ally, the most marked difference between the 
carnivorous and the herbivorous animals is 
the difference in the formation of skull and 
teeth. There is need for very strong jaws 
which can grip and hold as a vice, and 
teeth that can tear flesh and grind or 
crunch bones. If you try to take something 
from your own dog in fun you can test this 
grip. The jaws are clenched, by the contrac- 
tion of very strong muscles, and the pointed 
teeth fit between one another and dig into 
the substance. 

On examining the skull of a dog (Plate 
XII) notice the breadth and strength of the 
lower jaw, the small incisors—six in each 
jaw—but well-developed molars—six above 
and seven below at each side—and between 
the molars and incisors at each side, the large, 
conical, pointed canine tooth which is most 
useful both for holding and tearing flesh. 
The molars are strong and broad, each 
provided with three or four pointed prongs 
or cusps. It is usual to distinguish between 
molars and premolars. Premolars occupy 
the position of similar teeth belonging to 
the first, or milk dentition; molars are 
further back in the jaw and are developed 
only in the second or permanent dentition. 
For the purpose of these lessons, however, 
the distinction is unnecessary and they have 
all been called molars. 

The two most important types of carnivore 
are represented by the cat and the dog. 
Wolves, foxes and jackals are of the dog 
tribe; lions, tigers, leopards and panthers 
are great cats. The cats are more subtle 
in their methods of hunting and attacking 
than the dogs. Cats use their claws as well 
as their teeth in attacking their prey and, 
indeed, these are very formidable weapons, 
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EYE TOOTH OR CANINE 


FOR CATCHING AND 
IMPALING PREY 
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HINGE OF S 
WITH NECH 


~ MOLARS FOR TEAR! 
AND GRINDING 


PLATE XII. 
Doc's SkuLL—SIDE AND FRONT 
(Class Picture No. 7 in the Portfolio.) 


kept sharp by being retracted into a sheath 
when not in use. Since the teeth are not 
quite so important as a dog's in retaining a 
grip of the live prey, we find that a cat's 
jaws are shorter, its teeth smaller in propor- 
tion and fewer in number—four molars at 
each side in the upper jaw, three in the 
lower, 


8. Characteristics of other carnivores.— 
If we turn from the mammals to carnivorous 
animals in some of the other groups, we shall 
find rather similar characteristics, though 
the actual structures are different. Birds of 
prey, like the owls and hawks (Fig. 17) 
have very strong, sharply curved beaks and 
claws, both used in hunting, the claws to 
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HAWK 


Left; Side view of Hawk's head, 
Right; Foot of Hawk, 


seize the victim and the strong scimitarlike 
beak to deal a death blow, probably a stab 
through the brain. 

Amongst insects, we can find parallel 
cases in the stabbing beak of many of the 
water bugs—water boatman (Figs. 18 and 
19), water scorpion—formed by modification 
of external jaws, hinged outside the mouth, 
and in the piercing mandibles, or jaws, of 
water beetles and their larvae (Fig. 20) 


([.... piercing 
and US 


HEAD oF WATER 
BOATMAN 


Left: Side view. 
Right: Front view. 


Fic, 18. 
WATER BOATMAN 


FIG, 19. 


which seize 
upon some 
worm, tadpole 
or small fish 
as a pair of 
pincers, pierc- ( 
ing into the 
flesh. In the 
spiders, to 
turn to an- 
other group still, we find the same kind 
of apparatus—jaws in the form of a pair of 
sharp pincers which pierce and then suck 
the blood. 

In many of these creatures, too, we find 
exceedingly alert senses, though the animal's 
awareness is often masked by an appearance 
of sluggish inertia till the victim is within 
reach and the sudden, instantaneous move- 
ment of capture is made. 


- -- food canal 


..mandiblas 


(main jaws) 
" 


Fic. 20. HEAD or LARVA OF 
GREAT WATER BEETLE: 


Examine, if possible, a stuffed owl or 
iawk and note the character of its claws 
and beak. y A 


3. In the summer term, examine and draw 
aws of any carnivorous insects, and of 
der, using a good lens. Note also in the 
live animals in the summer any habits 
- — connected with their feeding such as lurking, 
freezing" or becoming perfectly still, and 
lances to their surroundings. Make 
g one of the main points of inquiry in 
mection with pond study. 
4. Get the children to watch their own 
animals—dogs, cats, rabbits—and make 
notes on their feeding habits and signs of 
intelligence and thought in regard to food. 


. LESSON UNIT VII—MOVEMENT 
Intreduction.—When we think of the 
differences between animals and plants, the 
first thing, perhaps, that occurs to us is 
that animals eat, by which we mean that 
they take in food through a mouth, and the 
second is that they move about from one 
- place to another. Though it is not true in 
every instance, yet this distinction does 
m to be a fundamental one and the two 
characteristics are related, for the move- 
ent of animals is undoubtedly closely 
associated with either finding food or escap- 


ig from an enemy which is itself seeking to 
.. devour. > y 


Development—1. Gliding and contraction. 
The smallest and simplest animals are 
= mot provided with legs by which to move 
about. The life substance of both plants 
and animals is a jellylike, colourless sub- 
. stance called protoplasm, Amongst very 
imple animals the best known is a creature 
found creeping over mud at the bottom of 
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into the protoplasm. It is because- solid | 


he decaying 
noeba, and 
k, too small 
wing round - 


on even smaller creatures i 
plant matter. It is call 
when full grown is a mere 
to be seen. It obtains food 1 


a small particle and sendi two pro- 
jections to surround it, Fi It digests 
this food by pouring upon uice made 
(secreted) by the protoplasi st as the 
nucleus ----C-@ 
----conlractile 
uole 
FIG. 21. AMOEBA SHOWING VARIOUS 
Positions ASSUMED 
Note the projections or pseudopodia in the second 


and third diagrams. 


salivary glands secrete saliva which digests 
starch). The digested food is then absorbed 


food is actually eaten in this way that 
.amoeba is regarded as an animal. If any- - 
thing remains undigested it is left behind | 
as the animal glides on. This is an example 
not only of the simplest type of movement, 
but also of the simplest method of digestion. 
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This animal is just a tiny mass of proto- 
plasm. If possible, show amoeba and other 
primitive animals in water by means of a 
microprojector. 

Another characteristic of all protoplasm 
is its power of contraction. This is also 
used in bringing about movement. The 
body of amoeba can shrink to a very small 
size and then expand again. 


2. Muscles.—In higher animals, the power 
to contract is greatly increased in certain 
parts of the tissue of the body, which we 
call muscles. When a muscle contracts it 
becomes thicker and: shorter. If you bend 
your arm and watch the biceps muscle 
which forms the front of the upper part of 
it, you can see it thicken and feel that it 
grows harder as it contracts, 

Let the children watch an earthworm 
moving along on a piece of paper. It can 
be seen that contraction of muscles is taking 
place. In this case, two sets of muscles 
compose the body wall, some passing length- 
wise and others passing round the body. If 
some of the long muscles are contracted, 
that part of the body becomes thicker. If 
the circular muscles are contracted while 
at the same time the long ones relax, the 
body becomes thinner. On the underside 
of the body the earthworm has a series of 
short, curved bristles (Fig. 22) embedded 
firmly in the skin. These are arranged in 


(ee eee) 
T 


brats 


Tic. 22. ONE SEGMENT OF THE 
UNDERSIDE OF THE EARTHWORM 


four double rows. By digging the bristles 
on this part of the body into the ground 
and contracting the long muscles just 
behind them, the earthworm can drag that 
part of the body along. 

As this process is repeated throughout 
the whole length, the whole body is pulled 
forwards. If an earthworm is trying to 
burrow into hard soil, the front end will be 

D—VOL. II-S 
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drawn back by contracting the long muscles 
and then by contractions just behind it, 
pressed against the earth with considerable 
force. This movement will be repeated until 
a small hole has been drilled, into which the 
front end, made as thin as possible, will 
pass, and this will be deepened until eventu- 
ally the whole body can be drawn in. Though 
the bristles are too small to see, they can 
be heard scratching against the paper, 

Here we see movement due to muscular 
efforts of the body, together with a grip on 
the ground enabling the body to be drawn 
along. Muscular movements without this 
grip would not result in progression. 


3. Limbs.—The next stage in improving 
movement is the development of the limbs. 
At first these 
seem to have --- head 
been developed 
in connection 
with swimming, 
for we find sea 
worms (Fig. 23) 
swimming by 
means of bunches 
of bristles used 
as oars, and 
these are sup- 
ported on small 
paired projec- 
tions on either 
side of the body. 
Amongst the 
Crustacea— 
crabs, prawns 
(Fig. 24), lobsters 
—these projections have become jointed 
limbs ending in claws and enclosed in a hard 
"shell" or exoskeleton; that is, external 
skeleton. Some of them may still be used 
for swimming, others have become walking 
legs. (Examine in shrimps or prawns from 
a fish dealer.) 

In the fishes, too, the lowest of the animals 
which possess an internal skeleton and 
backbone (vertebrates), the limbs are swim- 
ming organs which we call fins. There are 
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Fie, 23. 
Sra Worm 


Fic. 24. PRAWN WITH JOINTED LIMB 


two pairs of these fins, besides several 
unpaired ones, consisting of thin skin sup- 
. ported by bony rays. Certain fishes, for 
"instance the Queensland salmon of Aus- 

tralia (Plate XIII), have taken to supporting 
themselves on the paired fins when the 
water in the rivers dries up, and waddling 
about on them in the mud. This has sug- 
gested that the legs of the land-dwelling 
vertebrates arose from the paired limbs of 
fishes. If the limbs of the higher animals 
are studied, it will be seen that their structure 
has a very definite relation to the way in 
which they are used and that this in its 
turn is closely related to the way the animal 
obtains its food. A few instances will illus- 
trate this. 
__ Examine the mounted skeleton of a dog 
or rabbit. If possible, have a live animal 
present ; notice how its limbs are formed and 
compare them with the skeleton. If a living 
. animal is not available, let the children com- 
pare the limbs with their own. 

There is a great similarity of plan between 
the limbs of frogs, reptiles (such as a lizard) 
and many of the mammals; e.g., dog, rabbit, 
man. 

Consider first the front limb. It consists 
of three main parts—upper arm, forearm 
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and hand, or front fo: 
slighter and straighter t! 
for it does not take so grea! 
the weight of the body, n: 
in movement. A dog goi: 
its hind legs and back m 
than its front legs; a r springs by 
sharply bending and then htening its 
hind legs, landing with t! vent again 
It gets a “take-off” from ring board? 
of its long feet, and land: : 
length when it comes to r in. 
Dog and rabbit use their 
scratching in the ground 
mouse for holding things use Our 
hands for grasping. Therefor 
or hands need to be movab! 


is shorter, 
e hind limb, - 
irt in bearing 
;reat a parti 
t speed uses 


wrist and between the short: its, Ours 
are much more movable tha: dog's, of 
course, : 
Look at the bones of the fi leg in the 
skeleton available, to see how mobility: 
is brought about, The whok is fitted: 
into a shallow socket by the ıded end 
of the upper arm bone, allow ery free) 
movement. It forms what is wn as & 
ball-and-socket joint. Compare this with 
the hip joint. It is again a ball 1 socket, 
but the socket is a deep cup w! rips the 
head of the bone firmly to prevent it from 
slipping out. This correspond with the? 
greater strength of the hind | and the - 
more severe strain to which it i ubjected. 
In the living animal bands of tough material, 1 
called ligaments, fix the bones together. 7 
The forearm has two bones. One 3 


slightly longer, and projects a liitle at the 
elbow, beyond the hinge or joint which itg 
makes with the upper arm bone. ; 

The wrist consists of several small bones, 4 
firmly wedged together. They give very © 
free movement in ourselves, but in the dog - 
or rabbit they cannot be rotated, only 
moved in one direction. This makes the leg” 
more rigid (for taking weight) than our arm. - 

The hand consists of four or five bones: c 
to which the fingers are joined. These bones = 
are bound together by the flesh of the hand , 
(muscles and ligaments). 


ANAL FIN 


PELVIC FIN, ALSO USED 
FOR CRAWLING 


GOLDFISH 


QUEENSLAND SALMON 


Z ^" PECTORAL OR BREAST FIN 
7 PELVIC OR HIP'FIN 


^PECTORAL FIN, NARROW 
AND LEG-LIKE, USED FOR 
SHUFFLING THROUGH MUD 


PLATE XIII. 


GOLDFISH AND QUEENSLAND SALMON 
(Class Picture No. 34 in the Portfolio.) 


Each finger has three joints. If the first 
finger, or thumb in ourselves, is present, 
it has only two joints. Ours are freely 
movable. 

The hind leg has the same plan as the 
front, but every part is stronger. There are 
fewer ankle bones than wrist bones, and less 
play at the ankle. This is important, as the 


hind leg must be fairly rigid if it is to take 
the heavy weight of the body. At the same 
time there must be free forward movement 
at the joints. 

Framework.—It is obvious that the limbs 
of these animals would be of very little use 
unless there were some strong supporting 
framework upon which they could work. 
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We have already mentioned the ball-and- 
socket joints which hold the limbs to this 
framework. If we look again at thé skeleton 
and compare it with the live animal, we 
shall see that the trunk is supported by à 
curved chain of small bones, fitting closely 
together. Spines projecting backwards and 
sideways from these chain bones, or verte- 
brae, support the muscles which make up 
the back and sides of the trunk. These 
make it possible either to hold it rigid, 
by contracting them, or to turn and leap, 
for we have already noticed that trunk as 
well as limbs take part in movement, 

In the region of the front limbs, several 
plates of bone, firmly bound together, make 
a strong girdle, which takes the weight of 
the limbs and gives them a firm base against 
which they can work. 

This girdle (breast or pectoral girdle) 
consists of two large triangular bones at 
the back (shoulder blades), the breastbone 
in front, and in man and other climbing 
animals an extra pair of bars called. the 
collar bones, strengthening the girdle in 
front to take the weight of his body when 
he swings on his arms from a branch or 
Tope. 

The socket for the head of the arm 
bone is at the narrow end of the shoulder 
blade. 

A second strong girdle, the hip or pelvic 
girdle, is also joined to the trunk bones to 
support the legs and take the weight of the 
body. In the sides of it are the deep Sockets 
for the leg bones. The chain bones in this 
region are broadened out and joined together 
to give still greater firmness. 

In the front part of the body a number 
of slender, curved bones, the ribs, also 
join with the chain bones. Some of these 
are joined to the breastbone. They 
form a protective cage for the heart and 
lungs, as well as making the body more 
rigid. 

Cats, dogs, rabbits and the insect-feeding 
mammals—e.g., the mole, shrew, hedgehog— 
have limbs of the type just described. These 
animals walk upon the toes, which spread 
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the toes became thicker, and the whole leg 


FOR SENIORS 


out a good deal. The frog has similar limbs, 
with four toes on the front foot, but the 
hind foot and leg are specially lengthened 
for leaping, and the hip girdle i 
lengthened in a curious way. 

Now newts and lizards hold their b 
close to the ground, whereas the 


ilso 


dies 


her 


animals hold the body well above the | und 
in most cases—it is supported, not : rely 
dragged along. This is due partly the 
much greater development of the shoulder 
and hip girdles, and partly to changes in 
the legs themselves. The majority of 
mammals walk upon their toes. The foot 
and leg bones have been lengthened, and 
some of them have disappeared, or become 
fused together, to give greater rigidity, and 
therefore both support the body better and 
give greater speed. 

The rabbit has progressed in this - 
tion. It supports itself on its front toes 
and hind foot when resting, but the long 
hind foot is always ready to be used as à 
spring board. A sudden bend of the knee 
joint, and a spring from the foot send it 
leaping away at the slightest alarm. The 
front feet just take the weight between the 
springs. 

The horse is a good example of rigidity 
and fleetness going together. Each long 


foot consists of only one toe, and one hand 
or foot bone with a pair of splint bones, 
representing hand or foot bones which have 
disappeared, Plate XIV. Fossil ancestors of 
the horse have been found in which both 
three, four and five well-developed toes were 
present. It seems that the earliest ancestors 
of the horse dwelt on marshy ground where 
a splaying foot would be useful in preventing 
it from sinking into the soft, wet soil, but 
as thousands of years passed and the land 
became drier, animals arose in which the 
five toes gave place to the smaller number, 


and foot more column-like and rigid. The 
ostrich is an example of a bird in which 
the toes have been reduced to one, again 
in connection with the power of swift run- 
ning over firm ground. 
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"d decus. 


FINGER 
JOINTS 


PLATE XIV. 


HIND AND Front FEET OF HORSE TO SHOW LENGTHENING OF FOOT AND 


“ HAND ” BONES 


(Class Picture No. 9 in the Portfolio.) 


PRACTICAL WORK 


This practical work should be interspersed 
with the foregoing. 


1. If possible, show to the class a tiving 
amoeba by means of a microprojector, 
noting the points explained. Note also the 
granular appearance of the protoplasm, 


except for a clear layer round the edge where 
it thins out, Small solid particles of food, 
each surrounded by a small space, filled 
with digestive juice, the food vacuole, will 
probably be seen. 


2. Watch the movements of an earthworm 
and note the contraction of muscles and the 


48 
extreme suppleness, helped by segmentation 
of body. ; 


3. Examine the skeleton of a rabbit. 
Notice the arched backbone, or vertebral 
column, made of a number of separate 
vertebrae, giving suppleness and free 
movement. A mounted skeleton is best 
for this. 

Examine the bones of the front and bind 
legs, and notice how they are attached to 
the pectoral (breast) and pelvic (hip) girdles. 
Identify from diagrams. Notice especially 
the spines of the vertebrae and flattened 
surfaces of other bones to which large and 
important muscles are attached. 


4. Examine the limbs and watch the 
movements of any other animals available, 
especially some of the lower animals with 
jointed legs, such as a water beetle, a ground 
beetle, a centipede. Dead prawns might 


e» 
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also be examined. Note that join 
of body and legs, give flexibility. 
Note that in some forms muscular 
of the whole body are chiefly instr 
in causing movement (newt sw 
water beetle larva, demoiselle d 
larva swimming, fish swimming 
in other cases the limbs are chief 
working on the rigidly held bo: 
moving slowly, crab, beetle), while 
cases both come into play (a dog o! 
especially. at full speed). Note th: 
sidewards action of the tail pressin 
the water in fishes and newts. Th 
larvae and newts will not be aval 
the next term, but goldfish could be w 


5. Show a prepared slide of vi 
muscle. The body and tapering e! 
be seen. Voluntary muscle appeal 
striped with dark and light band 
microprojector will show this. 
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SUMMER TERM 


WORK OF THE TERM 


OST of the biological principles 
M which it is desired to bring before 

the class in the first year have now 
been introduced, so that the main work of 
the summer term will be amplifying or 
continuing studies already begun. 

The chief new work on animals will be a. 
study of their life histories. While this is 
going on, there will be further opportunities 
for noting their activities in connection 
with food and movement. 

New work on plants will also be concerned 
chiefly with life histories, especially, if 
possible, as observed under natural condi- 
tions in the garden. Quick-growing annuals, 
including common weeds, offer the best 
opportunity for this, as they will produce 
Seed during the summer term if sown 
just before or just after the Easter holi- 
days. Where there are facilities, such as 
a small greenhouse or frame, or a built-out 
window case in the science room, some 
of the seedlings might be started indoors, 
then planted out in properly prepared 
beds. 

The children should be given clear instruc- 
tion, followed by taking notes, on the 
preparation of seed beds and the need for 
watering and protecting seeds and young 
plants, arising out of their indoor observa- 
tions in the previous terms. The value of 
raking and hoeing should be related to what 
they have learnt by experiment with soils. 
They should then be given opportunities of 
practising these operations. 

Studies of trees may be continued inform- 
ally and incidentally by noticing the unfold- 
ing of leaves and flowers, the falling of the 
leaf scales, the persistence of buds, continuing 
growth through the summer, and the early 
cessation of growth and beginning of prepara- 
tions for the winter. 


LIFE HISTORIES OF POND 
ANIMALS 


The study of this subject should be spread 
over the summer term. The animals should 
be kept under observation in suitable 
aquaria. The reasons for all procedure 
should be made quite clear to the children. 
Straight-sided enamel bowls and pie dishes 
are useful No great depth of water is 
needed but the surface should be extensive 
so that the water is well exposed to air; 
green pond weeds, tied in small bunches to 
stones, should be rooted in a sandy bed, so 
as to provide oxygen. Everything should 
be kept scrupulously clean; no remnants 
of food should be allowed to remain in the 
water. A small net and a long pair of wooden 
forceps, which may both be easily made, 
are useful for securing scraps or dead animals, 
and bits of soft muslin may be kept for 
wiping the sides of the bowl to remove 
microscopic water plants which tend to 
settle there. In a healthy tank the water 
should not need frequent changing, but a 
little should be added to make up for evapora- 
tion. It is best to keep tanks covered when 
not under observation, to keep out dust. 
Butter muslin or fine net serves the purpose 
and can be held in place over the rim of the 
vessel by elastic run through a hem. 

The children's attention should be drawn 
to the following points, to prepare them for 
the course before formal lessons on life in 
ponds are begun. 

We have noticed that the autumn is the 
time when plants prepare for offspring— 
seeds, bulbs, and offsets are ready before 
the long winter rest sets in, but they, as well 
as the parent plants, take a rest before 
continuing their growth which has, of 
course, begun inside the seed or bud. 

Animals are different from plants in this 
respect and in a great many cases produce 
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their young in the spring or early summer. 
If we think of life on a farm, chickens, 
ducklings and other young birds are hatched, 
lambs are born, while in trees and hedges 
the wild birds are breeding. 

In the ponds, too, there is a great out- 
burst of new life among the animals. Frogs 
spawn amongst the earliest—in March— 
gnats will be seen on the wing together with 
many kinds of midges, as soon as there is 
warm sunshine, and will drop their eggs 
"into the water. Later, many different kinds 
of insect lay their eggs in the pond. 

Newts are rather later than frogs in laying 
their eggs, so that if you wish to study their 
life history throughout one season it is best, 
if possible, to induce them to breed in your 
own aquarium or, better still, in a small 
enclosed pond or pool on the school premises. 

Ask the children to look for newts and 
bring them to the classroom. 

A pair should be obtained early in April, 
and provided with suitable pondweed on 
which the eggs can be laid. A good plan is 
to arrapge a zinc, or perforated zinc, tray 

“testing on one side of the tank, and plant 
small plants of watercress, bitter cress or 
other small marsh plants so that they are 
kept moist and some of their lower leaves are 
under water, Newts will make use, too, of 
starwort and Canadian pondweed, which 
can be rooted in the sand at the bottom. 

The swimming, feeding and breeding 
habits of the newts may then be watched 
and recorded by notes and sketches. 


LESSON UNIT I—NEWTS 


Two kinds of newt are usually found in 
the spring in ponds where they have come 
to breed—the common or smooth newt and 
the crested or warty newt. The common 
newt is both smaller and paler than the 
crested newt. The male in both cases appears 
larger than the female, because of the 
prominent crest along the back (better 
developed in the crested newt) but the 
female has actually the larger body, which 
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at this time of year is much nded with 
eggs. 

If newts are kept in aqua: y need a 
plentiful and varied supply : l. Very 
small earthworms, blowfly lary gentles, 
mealworms (the larvae of tle) and 
finely shredded raw meat sl rm the 
staple diet; it may be supplem: y dried 
fish food which can be bought fishing 
tackle dealers and naturalist The 
aquarium needs to be kept closely 
covered or the newts invari escape, 
especially as they must have ind of 
platform above the water, si: y do 
not spend all their time under 

1. Feeding and movement.—1! ildren 
should have the opportunity of { g the 


newts, in order to watch both their feeding 
habits and their movements. If ;mall 


piece of raw meat, snipped off wit! sors, 
is dropped gently into the water, i 1ewts 
seem to be unaware of it for a few moments, 
then they suddenly become alert | with 
powerful body strokes shoot through the 
water towards it, swimming like fis! This 
suggests that it is rather by th se of 
smell than by sight that they find their food. 
On the other hand, if a live worm is dropped 
wriggling into the water near them, the 
movement quickly catches their attention, 
so that evidently both sight and smell come 
into play in perceiving food. The children 


might be asked to think of ways in which 
the use made of sight and smell might be 
tested. For instance, if fresh meat juice 
instead of solid meat were used, there would 
be nothing to see, so that the sense of sight 
could be ruled out, and.it might be possible 
to obtain some mechanically moving device, 
to eliminate smell, or to flash coloured 
lights to see how far sight is depended on. 
A newt, like a frog, has minute teeth on fi 
the palate but they merely help it, by their | 
roughness, to obtain a grip of its food, not 
to bite or chew. Consequently, however 
large the food is it must be swallowed whole. 
This may be gradual. A worm may be 
gripped by the head end and gradually 
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gulped down, by swallowing movements, 
helped (again as in the frog) by downward 
pressure of the eyeballs, which lie in open 
sockets; i.e., with no bony floor. Frequently 
two newts will attack one worm from either 
end and go on swallowing till they meet in 
the middle, when one is forced to disgorge 
unless the worm breaks in two. 

Under natural conditions, newts dive and 
swim under water in search of food for a 


5I 


nails. In neither has the slimy skin 
any horny outgrowths such as scales, or 
hair, which are of a similar nature to 
nails. 

The long, slender body has no projections 
which might impede swimming. There are 
no ears to be seen, though a small plate on 
each side of the head shows their position. 
Both body and tail are strongly muscular, 
like those of fishes. 


ES 
QW E 


25. CRESTED NEWTS, MALE AND FEMALE (UNDERSIDE). Newr Larva: UPPER, WITH 
GILL; LOWER, WITH Front LEGS DEVELOPED 


considerable part of their time, coming up 
at intervals to breathe, when a small bubble 
of used air escapes from the nostrils or 
mouth at the surface of the water. When 
not swimming vigorously, paddling move- 
ments of the legs are made and the legs seem 
also to take part in balancing and perhaps 
directing movement. Unlike the frog, there 
are no special developments of the feet for 
swimming. The toes are short and have no 


9. Larvae.—Newts and frogs belong to 
the class of Amphibia, that is, vertebrate 
animals which spend the early stages of their 
life in water but the later stages on land. 
The animal in the early stage has a different 
structure from the adult stage, hence it is 
known as a larva (compare with many 
insects). It is, in fact, a much simpler 
animal, representing a stage passed through 
by its ancestors thousands of years ago, 


-— when the whole life was lived in water. The 

-Jarvae of frogs and newts in most respects 
closely resemble fishes. In particular, they 
breathe like fishes, for they take up oxygen 
which is dissolved in the water. Newts are 


— marked at the breeding season by their 


“bright colours and iridescent, healthy-looking 
skin. If the conditions are carefully attended 
to and the pair well fed, eggs will probably 
be laid in the aquarium. 

Each egg is pressed on to a leaf by the 
female, under the water, and usually the 
leaf is then carefully folded over the egg, 
so that it is hidden. It is a small, transparent 
object, perhaps j| in. in diameter. 

. After a few days, the envelope is broken 
open and a minute, transparent fishlike 
larva emerges. It is flattened from side to 

side, very pale in colour, and provided with 

tiny tufts at the side of the neck which 


- serve for breathing and are called gills, for 


they are able to extract oxygen ‘rom the 
water. There is always a oxygen 
dissolved in fresh water. 

It would be difficult to det iat the 
little creature finds to eat— pr: micro- 
scopic animals and plants in the r. The 
best way to ensure that it does ! enough 
nourishment is to pour small : ties of 
pond water into the aquarium is will 
contain organisms which can ed as 
food. It is a good plan, wher cting, 
to obtain a concentrated sup} such 
food on the spot by pouring w into a 
wide-necked corked bottle by m of a 
funnel, letting it escape again by ns of 
a short glass tube over which fi uslin 
has been tied, to keep back any : isms 
which might escape, Fig. 26. 

3. Development of the newt.—1! newt 
larvae are sufficiently fed, they w row 
steadily and become rather less í and 
transparent, while scattered specks pig- 
ment gradually give a yellowish and brown- 
ish-grey colour to the body. It can ten be 
seen that there is a head and trunk, vith a 
transparent, unbroken fin (as in frog 
tadpole) lying along the dorso-ventra! idge, 
but the head end is not swollen and rounded 
as in the frog, nor is it so darkly colo l 

The front legs are the first to appear, and 
are so fragile that they increase its fisilike 
appearance by resembling fins unti! one 
looks at them with a lens, when the tocs can 
be distinguished, at first three, then à 


fourth. 


When they are several weeks old, they 


|l 


FiG. 26. APPARATUS FOR OBTAINING A 
CONCENTRATED SuPPLY or Foop FOR 
THE AQUARIUM 


begin to take rather larger kinds of íood, 
and will appreciate such things as water 
fleas brought from the ponds, which gener- 
ally swarm with them in the summer 
especially if the weather is warm. 

Presently the tufted gills disappear, for 
the young newt has been growing lungs, 
which gradually take the place of gills. At 
last, late in the summer, the hind legs 
appear, and the body and head become more 
cylindrical and opaque, while the fin dis- 
appears, leaving just a slight ridge along the 
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tail for a while, Fig. 25. Then the baby newt 
leaves the pond and finds a resting place in 
à ditch or hollow where it can be protected 
by decaying vegetation and fallen leaves. 
Here it remains dormant for the winter. 

It might be possible, in a suitable vivarium, 
to Keep the young newts through the winter. 
but, as the adults do, they make every 
attempt to escape and can slip through a 
very small crevice. Consequently, it is not 
easy to watch the whole life history and it 
has to be patched together from what one 
sees of many individuals. 

The parents get dull-looking and listless 
in captivity, and should not be kept very 
long after the eggs are laid. In any case 
they must be removed from their young, 
or there will be cannibalism. 


4. Other points of interest. —Newts, frogs 
and toads are not only of interest because 
of the details of their lives but because they 
have remained at the lowest point of terres- 
trial life, at least amongst vertebrate 
animals. They throw light, by their life 
history, on the emergence of animal life 
from water to land. They show how fishlike 
animals may have become land dwellers, 
especially by their transition from gills to 
lungs and from fins to legs for movement, 
and yet they show limitations which make 
it impossible for them to range on land, 
except where coolness, shade and moisture 
guard their delicate, unprotected skin from 
being dried and shrivelled. For the moist, 
slimy skin helps in breathing. Consequently 
they are all dwellers in marsh and pond. 
They are, of course, limited also by the fact 
that they must not wander so far from 
water that they cannot return to it in due 
season to lay their eggs. These are some of 
the difficulties which the races of “higher 
animals" had to face in their colonisation 
of the land, long ago in what is known as 
the mesozoic (middle-animals) or secondary. 
geological period, when some of the reptiles, 
birds and mammals had come into being. 

Further, they are “cold-blooded,” which 
means, not that the blood is cold, but that 
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it changes with the surrounding tempera- 
ture instead of being maintained at one 
level, as it is in ourselves. This again is 
a drawback, for it means that the animal 
is necessarily sluggish in cold weather and 
winter sleep or hibernation shortens its 
active life. 

It is interesting to notice the behaviour 
of newts on land. They run quite rapidly, 
with a slightly wriggling movement, and 
their soft, moist “hands” and feet seem 
able to act as suckers in clinging to upright 
surfaces, even the smooth sides of a glass 
tank. Consequently they climb almost as 
quickly as they run on the flat ground. 
They are alert, and stop dead when alarmed, 
then run on again—two very primitive 
responses to alarm. Notice the delicate 
nostrils and the gulping movements as they 
swallow air into the lungs, sitting at rest 
on a stone, They seem to become a little 
tame in captivity and soon begin to come 
for food. 

Note.—The teacher would naturally use 
his discretion in presenting the foregoing 
ideas according to the intelligence of his 
class, but an “A” class with good general 
knowledge would grasp the references to 
the evolution of the races of animals. 

If it is decided to make these references, 
the following explanation may be helpful. 

We know that the earth we live on has 
not always been just as it is now, but that 
in the very early days of living things it 
consisted chiefly of great oceans. In these 
lived only fishes and some of the lower 
animals related to crabs, jellyfish, cuttle- 
fish and octopuses, cockles, sponges. Then 
gradually the bottom of the ocean was raised 
up, forming land—just the tops of sea 
mountains. At first this was very swampy. 
Plants grew on it, but not like our present- 
day ones; they were more like giant ferns 
and horsetails. (Show horsetails and ferns, 
or pictures.) 

Some of the fishlike creatures began to 
crawl out on to the land and breathe the 
air. They must have been very like giant 
newts, It is thought that they must have 
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“had a life history like newts and frogs, too, 
living as tadpoles, with gills, to begin with, 
and then coming out of the water, having 
developed lungs. Later as the land became 
drier, reptiles, birds and mammals came 
“into existence. We have good reason to 
believe that the reptiles developed from 
some of the newtlike creatures, and that 
they in their turn, thousands of years later, 
gave rise to birds and mammals, All this 
took millions of years. New kinds of plants 
were also growing up, and insects were also 
taking to the land and to the air. 
We know all this from what we call fossils, 
that is, from the bones of animals and hard 
parts of plants which were preserved in 
mud and at last, by the pressure of a great 
weight of earth collecting over them, changed 
to stone. 


LESSON UNIT II—THE FROG 


As the tadpoles of frogs have no doubt 
been watched in the infant and junior 
schools, it will be sufficient here to obtain 

_ the spawn once more and note the changes 
. in development and the length of time taken 

- for each stage. à 

The spawn can usually be obtained in 
March, by the shallow margin of ponds or 
in ditches. 

The writer found difficulty in getting frogs 
to breed in captivity but, if the attempt is 
. made, a pair of frogs ready to spawn should 
. be obtained and comfortably housed in a 
cool, airy vivarium, where they can be 
undisturbed. The floor may be covered with 
short turf, kept moist by regular sprinkling 
with water. A shallow enamel or earthen- 
Ware pan of water should be provided. If 
the frogs are ready to breed they will prob- 
ably not feed for several days, but meal- 


‘Worms and small earthworms should be 
provided. 


1. Spawning.— The frogs will sit in the 
hallow water for hours, even several days, 
the male with his forelegs clasped round the 
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female, the thickened thumb ; 


essing 
against her body, an action which osed 
to help the passage of the eggs. | ying 
is a very slow process; several b may 
be laid, with long pauses betwee: the 
eggs slip into the water, the mak les a 
fluid containing the sperms, o: ells, 
which penetrate and fertilise Fhis 
external fertilisation is called spaw 
The eggs are black on the uj ole, 
white on the lower; the white | the 
yolk or food substance, the bla will 
develop into the embryo, feedii the 
yolk. 
Each egg is enclosed in a 
envelope, the whole mass adhering t 
This swells up in the water, spacing t "ES; 
protecting them from collision, and ing 
them up so that they are exposed sht 
and air—all important points in op- 


ment. It is not food. 


2. Development of the tadpole.—(Pla V.) 
The eggs at once begin to develop ore 
hatching the embryo, larva or tadp: ias 
head, trunk and tail marked out, and three 
pairs of external gills, small tufts of d te 
skin, projecting from its neck. W) it 
hatches, at the end of a fortnight, it breathes 


oxygen from the water through these gills, 
just as the newt does. 

On the underside of the head is a sucker, 
by which the young tadpole attaches itsclf 
to weeds, where it waits for its mouth to 
open. Hundreds of these tadpoles, not more 
than jin. long, may be seen crowded 
together. 

In three or four days the round mouth 
appears, fringed by horny jaws and thick 
lips, capable of rasping away the vegetation 
on which the creature feeds. At the same 
time, four pairs of slits appear on the sides 
of the neck, piercing through the food canal. 
These are provided with delicate tassels 
of skin and are the new set of breathing 
organs, or gills, which replace the first- 
formed tufts. By about the end of the 
fourth week they become covered over by 
a fold of skin, leaving a little spout open 
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PLATE. XV. 
FRoG AND TADPOLE 


Above: Side view of Frog, and Skeleton. 
Below : 1-11. Stages in the Life history of the Tadpole. 
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. The tadpole swallows water, 
ch flows out through the gill slits and 
pes by the spout. As it flows over the 
gills, they take out oxygen. The first-formed 
lls gradually disappear. y 
As the tadpole grows, it can be seen that 
e body wall on the underside is thin, 
and through it can be distinguished the long 
food canal coiled like a watch spring to pack 
into the small space. All vegetarian 
animals need to have a long food canal 
because it is necessary to eat so much. 
. The tadpole, however, is not a strict 
- vegetarian, but soon begins to show a taste 
_ for bits of raw meat, and even for its brothers. 
It thrives on a mixed diet and grows more 
= rapidly than on pond weeds alone. In a 
shallow pond tadpoles may often be watched 
oting like pigs in the mud and sand of the 
ottom, apparently digging out tasty morsels. 
The head and body are by this time oval 
= and swollen, the tail is a powerful muscular 
swimming organ, with a delicate fin like 
that of the young newt, but not bony like 
. à fish's fins. 
By about the eighth week the hind legs 
. can be seen, at first mere stumps; then toes 
. and joints appear. At about the same time 
it will be noticed that the tadpole is begin- 
. ning to come to the top of the water from 
time to time and take in gulps of air. Its 
_ . " H 
_ lungs are growing and beginning to be used, 
= and as they are used so they will grow all 
_ the better. But for some time the gills are 
also in use, so that the tadpole is breathing 
both as a water animal and a land animal. 
Gradually the gills are used less and less 
. unti at last they shrivel and disappear 
altogether. The tadpole is nearly ready for 
life on land. : 
But an interesting point arises here. It 


skin, The left one stru 


8. Final change.—By about the eleventh 
week, all being well, it is ready for the final 
change, or metamorphosis. It ses to 
feed, it casts its skin and frees its The 
body shrinks and changes to the shape of 
a frog. The tail is absorbed. The ills are 
absorbed. The lips and jaws give place to 
the wide, thin mouth of a frog. The tongue 
becomes much larger, for it is sı to be 
used for catching food. It is attached at 


the front to the lips, but free behind, so 
that it can be shot forward to catch unwary 
flies, which now become its main f: The 


eyes become large, bright and prorinent, 
The peculiar high arched bone of i^e hip 
region, concerned with jumping, takes form. 
These changes occupy some days | the 
marvellous transition from a water to « land 
animal takes place before our eyes, : sight 
so familiar that its interest is apt to be lost; 
but the frog has recapitulated, in a few short 
weeks, the history of its race as they struggled 
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from water to land, probably for a 
years. The development of the ind 
shows the evolution of the race. 

As in the case of the newts, fr: 
toads are still bound to the water by the 
necessity of returning to lay their eggs, and 
they dare not risk any but a moist situation 
for fear their skin should dry up and cause 
suffocation, for they, too, breathe partly 
through the skin. Moreover, neither 


and 


-amphibia nor their eggs can survive salt 


water so they have never reached distant 
oceanic islands. The reptiles are the first 
vertebrates to lay hard-shelled eggs which 
can withstand adverse conditions. 


4. Movement and ieeding.—Frogs differ 
in a remarkable way from newts in their 
methods of movement and feeding. 

Both swimming and movement on land— 
leaping—are helped by the peculiarly devel- 
oped hind legs. A much elongated hoop of 
bone forms the hip girdle, which is not 
unlike a small catapult in shape. To this 
the hind legs are attached. They are very 
long, especially the feet, which are pressed 

y against the ground as the animal 
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ings forward. In the sitting position they 

> much bent, but as it leaps the legs are 
traightened (compare with the leaping of 
rabbit already noticed, and of a kangaroo), 
l he toes are webbed, so that a broad surface 
is provided for pressing against the water 
n swimming. The movements in swimming 
in readily be watched if the animal is 
laced in a large zinc bath. 

If mealworms or small earthworms are 
itroduced into the vivarium, the method 
f feeding can be watched. The frog sits 
perfectly still, with a blank expression, but 
s one watches a shade of interest and 
concentration seems to come into its eyes. 
- few seconds may pass. Then there is a 
udden movement, so rapid that it is almost 
mpossible to say what has happened, 
xcept that the worm is no longer there. 
Gut if the performance is watched several 
times one becomes quicker in following, and 
then a sudden movement of the tongue— 
just a flick out and in—can be seen. It is 
said that the tongue is provided with a 
sticky or slimy secretion that holds the 
victim. It may curl round it slightly. At 
any rate, the tongue is a very sure weapon, 
the aim precise. Sometimes the frog jumps 
or rears itself up, but usually it seems to wait 
until the unwary victimis within certain range. 


5. Hibernation.—Frogs, as other amphibia, 
hibernate, and they have the peculiarity, 
like snails, of crowding together in dense 
masses. They will bury themselves in the 
mud at the bottom of ponds, and they have 
frequently been recorded packed tightly 
together in drain pipes, from ponds or 
fields, either in silt or under running water 
which would both, it is suggested, give them 
protection from frost. 

Before hibernation, frogs have stored a 
considerable amount of fat, which constitutes 
a food reserve. This is practically exhausted 
when winter is over. All the bodily functions 
are at a low ebb and apparently very little, 
if any, breathing goes on, so that the fact 
that they have practically no air supply 
does not seem to matter. 
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6. Change of colour.—One other point 
which children would investigate with 


pleasure is the possibility of change of 
colour. If frogs are set up in surroundings 
which are differently illuminated, their 
chameleonlike ability to adapt their colour 
to their surroundings—a valuable protective 
device—may be shown. 

Several wooden boxes should be procured 
and the top and bottom replaced, one with 
perforated zinc, the other with wire netting 
or glass, to serve as front and back, By 
means of screens of coloured (green, blue, 
brown, grey) and light and dark paper, 
strong and weak lighting, stones and moss, 
a variety of different environments can 
easily be arranged, and frogs of approxim- 
ately the same colouring placed in them; 
that is, equally light or dark in colour, In 
a few hours marked changes will take place, 
some of the frogs becoming light, others 
dark, with green, brown and yellow pre- 
dominating, according to the background. 

This is due to the varying effect of the 
light on the nerve supply of pigment cells 
in the skin. These cells are branched. The 
colour can either be sent along the branches 
or withdrawn to the centre of the cell, and 
according to its distribution the appearance 
of the whole skin will alter. Its protective 
value will be realised. It is interesting to 
notice whether the frogs seem to perceive 
light, or seem to show any preference by 
trying to change from one environment to 
another, if given the opportunity. 
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Insects suggested:—Mayfly, dragonfly, 
water boatman, bloodworm, gnat. 

Before beginning the study of insects 
living in water, it is desirable to consider 
the conditions prevailing in their community. 
Although there has already been some 
awakening of interest in the life of a pond, 
through the study of frogs and newts, the 
early season of the year at which this can 
be begun, as well as the exciting nature of 
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both these animals in children's eyes, make 
it probable that they have been watched 
r their own sake and with little reference 
to the companions who share their life or 
common conditions. 

If possible, therefore, start this section 
of the work by making a visit to a pond and 
surveying it as completely as possible in 
the time and circumstances. Notice first 
of all the isolation of the pond. It seems 
at first sight completely cut off from the 
surrounding land, a world in itself. Yet 
there are certain points in common. Both 
rain and winds. Both are 
influenced by changes in temperature. The 
pond, in addition, owes its existence to 
drainage from the land, either immediately 
or because it has its source in a spring 
bubbling up from below and supplying it 
with water drained through the soil some- 
where else, Fig. 27. 
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How A SPRING MAY GIVE RISE TO A POND 
water percolates to the level of impermeable rock. Where this meets the surface 


a spring forms. 
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It is desirable, indeed, to disturb the pond 
as little as possible. Nets should be used 
with long, gentle sweeps, not with an excited 
A net with a stout galvanised iron 
rim and a diameter of 8 in. or more is satis- 
factory, mounted on a strong stick—a 
broom handle will serve. This may be drawn 
firmly but smoothly against weeds, and 
jerked to dislodge small creatures resting 
on them, but weeds and mud should not 
be dragged up more than can possibly be 
helped. In many cases it is possible to locate 
the animals by watching, and draw the net 
gently under them before giving the upward 
jerk which ensures the capture. Water 
beetles and water boatmen can usually be 
caught in this way; dragonfly larvae and 
beetle larvae are more likely to be amongst 
reeds and firmly rooted weeds; mayfly larvae 
and bloodworms on or near the surface of 
the mud at the bottom. Usually the blood- 
worms are protected by small tubes of the 
mud but, if the water is disturbed, they 
rise and swim about. Gnat larvae and 
pupae are chiefly found near the surface in 
fairly open water. Bloodworms and gnat 
larvae are frequently in stagnant water, 
ditches or puddles or rain tubs. 

The catch should be taken home, with a 
little mud and weed. The best way to keep 
the creatures alive, though not the most 
decorative way of housing them, is simply 
to place them in shallow bowls and saucers 
and keep them constantly supplied with 
fresh pond water containing plenty of small 
organisms for food. Most of these animals 
can best be watched in this way, using a 
hand lens to follow their movements through 
the water, so that a plentiful supply of such 
vessels for children to use is necessary. If 
large dragonfly larvae should be included 
in the catch, they should be separately 
housed or they will destroy all the rest. 
They might be carefully displayed, as 
described for newts, so that their movements, 
breathing and feeding may be readily 
watched. Water boatmen also take heavy 
toll of the other creatures if left amongst 
them, 
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2.Movement.—Each breathing gd. 
of the insects chosen 
has its own distinctive 
method of swimming, 
so that an interesting 
extension is possible 
of the ideas already 
gained about the 
movement of animals. 


With the exception of X gill 
the water boatman, all Ss 
the insects chosen are Fic. 28. 

5 BrLooDWORM 
in the larval stage, the IAE 


adult winged insect Right: Pupa, 
being aérial. 
The bloodworm 
(the larva of one 
of the midges, 
about the size of 
a gnat, known 
as the harlequin 
fly) and the gnat 
are wormlike 
in appearance, having no legs. They move 
by violent jerks of the whole body. The 
gnat larva doubles its body and straightens 


Fic. 29. 
HARLEQUIN FLy, PARENT 
Or THE BLOODWORM 


prune tubes 


Fic. 30. GNAT 
Top left Larva. 
Top right: Pupa. 


it again, so jerking forward. Both are 
peculiar in being followed by an active, 
instead of a passive, pupa, which also jerks 
itself through the water, Figs. 28, 29 and 30. 
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The bloodworm doubles its body into a 
figure eight, straightens it, and doubles in 
the same way but in the opposite direction. 
This causes very jerky progression. 


Larvae.— Two kinds of larvae are found, 
a blood red one and a pale greenish one 
which is almost colourless. The red form 
lives in the mud and comes to the upper 
layers of water only if it is disturbed. It 
makes itself a tube of slime from its body 
and mud, where it spends most of its time. 
It lives by picking small organisms out of 
the water and mud. The pale form is more 
active and frequents the surface water. The 
red colouring matter (haemoglobin, as in 
the blood of mammals) apparently renders 
it easier to obtain oxygen (haemoglobin has 
a chemical affinity for it). 

The gnat larva and*pupa, and the blood- 
worm pupa, come to the surface to breathe. 
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The mayfly larva is sluggish in habit, 


crawling about at the bottom or on stems i 


to which it clings with its three pairs of 
long, slender, jointed legs. If it is disturbed, 
however, it shoots through the water by 
a sudden swish of the hinder part of its long 
body, the abdomen. The body is arched and 
then straightened. It is difficult to see 
exactly what happens. Probably the three 
long projections, called cerci or styles, on 
the last joint help in movement, though 
they are also thought to help in breathing, 
Fig. 31. 

There are many different kinds of dragon- 
fly. The larvae most commonly found are 
the slim little green demoiselles, ich 
change to bright, iridescent blue “flies.” 
The adults are frequently seen poised over 
ponds or darting with smooth, ho: ital 


they 
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movements from reed to reed, whe 
rest. The body is held very stiffly an: 
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Fic. 31. Lire HISTORIES OF DRAGONFLY (AzscHNA) AND MAYFLY 


1. Larva. 2. Nymph, 3. Adult. 


4. Larva (enlarged). 


5. Nymph (enlarged). 6. Adult. 
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wings are so delicate that it is often difficult 
to see them until closely watched. 

The larvae may be found of all sizes up 
to about rin. or r]in. They are at first 
transparent and wingless, as are the mayfly 
larvae, but gradually become more opaque, 
developing two pairs of wings which, how- 
ever, do not unfold but remain in a sheath 
till the adult stage. After the wings have 
begun to form, the larva is known as a 
nymph, in both insects, Fig. 31. 

The larvae dart about by means of side- 
wards movements of the abdomen, or crawl 
over plants by using their thin legs. They 
spend much of their time lurking amongst 
weeds and stalking their prey, and usually 
swim only when alarmed. 

Another kind of dragonfly has a short, 
thick body, and the larva is correspondingly 
squat-bodied, covered with coarse bristles 
which entangle particles of mud and sand 
and so help to conceal it. This, too, lurks 
and stalks its prey, only crawling slowly 
and never swimming. 

Yet another form, the long bodied form 
represented by the familiar “‘horse-stinger”’ 
(which, however, does not sting) has a 
large larva, about 2}in. long when full- 
grown. This is quite a formidable-looking 
creature, with prominent eyes and large 
ferocious-looking jaws forming what is known 
as a "mask" which lies folded under the 
head when not in use. The mask is jointed, 
so that when an unwary victim comes 
within reach it can be shot out, while at 
the same moment the jaws open and close 
on the food, Fig. 32. All dragonfly larvae 
feed in this way. If they are kept in an 
aquarium with smaller animals, such as 
mayfly, gnat and bloodworm larvae, tad- 
poles or small fish, they will soon devastate 
it and leave nothing alive. The same applies 
to beetles, beetle larvae and leeches. 

The water boatman is interesting in its 
movements, which are quite unlike any of 
those described, and more like those of 
beetles, for it rows itself through the water 
by means of long, oar-shaped legs; the third 
pair are modified for this purpose, being 


provided with bristles which form a broad 
blade. It feeds on other animals, living or 
dead, which it spears with its long, sharp 
beak. This beak is formed by the inter- 
locking of a pair of jaws, hollowed out to 
serve both as a weapon and a feeding tube, 
Fig. 19. 

The swimming movements of all the 
animals considered may be'summarised by 
saying that they use the body itself for 
swimming, contracting it sharply and 
straightening it, or they swim by rowing 
themselves through the water. Most other 
animals which come under observation will ' 


fall into one of these two categories. 


Jaws or ADULT 
DRAGONFLY 


Fic. 32. 


Left: Side view. 
Right: Front view. 


8. Feeding.—All the insects described are 
carnivorous, but there are insects—e.g., 
some of the beetles and caddisworms— 
which feed chiefly on vegetable food. 

It will be seen that the method of move- 
ment is very closely connected with the 
manner of feeding. Animals which feed on 
exceedingly minute animals usually find 
them at the surface of the mud or inside it, 
so that they are characteristically crawling 
or gliding unless disturbed, when they may 
become more energetic. Carnivorous insects, 
on the whole, hide in ambush but can usually 
pursue rapidly if necessary, or can dart out 
suddenly. 

The method of feeding is closely connected 
with modifications of the jaws to fit them for 
it, as indicated in the dragonfly larva and 
water boatman. The dragonfly tears its 
food to pieces, the water boatman sucks the 
blood or juices. In all cases, the jaws of 
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insects are external, hinged on either side 
of the mouth and folding over it when not 
in use. They are not jaws in the sense of 
bony supports for the mouth, but are weapons 
and instruments for feeding. 


LESSON UNIT IV—LIFE HISTORIES 
.OF PLANTS 


Plants suggested:—Oak, sycamore, horse 
chestnut, marrow, broad bean, goosegrass, 
shepherd's purse. 

As most of the plants will be familiar, 
and all structural details can be realised by 
watching their development, it will be 
sufficient to indicate a few important points 
to look out for. 


1. Spiral growth. —Development suggests a 
spiral ascent, and the actual unfolding of 
buds is, in fact, a spiral movement, the 
elongation of a stem marking its spiral 
shape by leaving behind opening leaves at 
fixed intervals. This can be brought out 
clearly by winding a thread of cotton round 
à growing stem so that it passes just above 
each leaf in turn. The elongation of the 
lower internodes—distances between one 
leaf-origin and the next—makes the turns 
of the spiral further apart than near the 
bud, where they are still short. Thus the 
idea that the growth of a plant is due to the 
elongation of a main axis, already present 
in it, setting free the leaves so that they 
can unfold, is grasped? 


2. Roots.—Before any external appearance 
can be seen, there is a struggle for escape 
inside the seed coat. The taking in of water 
-through the whole seed coat causes the 
embryo plant—cotyledons+-radicle+ plum- 
ule, if formed—to swell and press against 
the surrounding wall until eventually the 
radicle breaks through at a weak spot—the 
.micropyle or “small hole" which has served 
already for the absorption of water and, 
still earlier, for the entrance of the pollen 
tube which brought about pollination. The 
Toot, or radicle, now seeks to establish 
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itself, and must do so successfully before it 
is advisable for any upward growth to take 
place. It may produce lateral branches 


which serve as guys or stays. It also 
establishing a water current which : feed 
the growing plant. In some roots 
contract and pull the seed downwards, or, 
as the awn in grasses such as barley, « pro- 
jection on the fruit coat may penetrate the 
ground, contract and so help to fix tlic seed, 
Note the force exerted in clinging to stones 


Cases, 


First -° 
Foliage 
leaf © 


Fic. 33. MAIZE SEEDLING—FIRST 
Root SYSTEM AND Lear SERIES 
a. Primary roots. 


b. Adventitious roots. 
c. Thicker roots. 


and earth, which can be realised when 
efforts are made to uproot even young 
plants. 

An interesting point in the establishment 
of many grasses is the serial development of 
roots. A short radicle or primary root is 
followed by the growth of adventitious 
roots from the region where radicle and 
plumule join. These are succeeded by a ring 
of thicker roots, very like tent ropes, at the 
first node of the stem, when this has devel- 
oped; and later, the second or even the third 
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node may give rise to yet other rings of 
roots. This is beautifully shown in maize, 
which grows so tall that it would topple 
over but for this steadying device, Figs. 
33 and 34. 

In woody perennial plants, the roots 
eventually grow woody and form a perman- 


soil level 
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RınGs or ROOTS on 
Maize STEM 


Note at soil level the roots from the first node, 
serving as stays to support the tall stem, Above 
these are the roots from the second node. 


FIG. 34- 


ent strong support. In trees, the roots may 
occupy an area in the soil wider than the 
crown of the tree, as well as penetrating 
deeply. Their origin from the base of the 
trunk may often be seen above the soil; 
e.g., beech, 


3. The plumule.—Emergence of the aérial 
parts of the embryo follows the firm estab- 
lishing of roots. In some plants the plumule 
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broad bean (Fig. 
35), the plumule 
emerges first, the 
cotyledons re- 
maining enclosed 
in the seed coat 
below the soil 
(hypogeal). Con- 
siderable force 
has to be exerted to extricate the plu- 
mule. This is often aided by the growth 
of the cotyledonary stalks, which separate 
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Fic. 36. MUSTARD SEEDLING 
Note the cotyledons and plumule 


the cotyledons «from the main axis and 
cause the plumule to be drawn out. In the 
horse chestnut, these stalks are long and 
pressed closely together so that they would 
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taken for part of the root, but eventu- withdrawn from the seed coat, 
they separate, revealing the plumule pierces its way out between them. 

lying snugly protected between them, quite The minute size of the plumule 


be clear if an attempt is made to separate the advanced development of other ; 


ressed together and interlocked by means are withdrawn from the seed cou, 


e the cotyledons. The value of this early stage is striking when compared 


cotyledons for, unlike most seeds in In epigeal seedlings—marrow, goos tae 
ich they separate easily, they are tightly shepherd’s purse, sycamore—the cot; 


2: of their indented edges. above the ground through elongation o f the 


y the cotyledonary stalks until it has been begin to serve as foliage leaves. 
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their emergence is helped by their bent 
position, and they obtain some purchase in 
forcing their way through the soil as they 
straighten out. 

The bent position in an emerging plumule 
probably makes additional force available 
in the same way. 

In the marrow (Figs. 37 to 40), a little 
peg appears on the radicle just as its junction 
with the hypocotyl. This fits into the split 
seed coat and holds it down in the soil 
while the cotyledons are dragged out, It does 
not invariably develop, however, in seedlings 
grown in pots or in blotting paper. 


4. Leaves.—The succession of leaves 
should also be noticed, both the spiral growth 
and the differences in development. Fre- 
quently the first formed leaves are of a 
simpler type than the later ones. They are 
of interest because they are thought to 
represent a more primitive stage in the 
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BRoAD BEAN—DEVELOPMENT 
OF SEEDLING 


Fic. 41. 


race history. In the broad bean, for instance, 
the first-formed leaves are merely leaf 
bases with small winged outgrowths called 
stipules. The next leaves have well-developed 
blades, separated from the base by a stalk, 
while later leaves establish the typical pattern 
of the plant, a compound leaf with two pairs 
of broad oval leaflets. 


5. Study of normal development of a 
plant.—If possible, follow the further devel- 
opment of all plants by growing them from 
seed in the garden, so that any abnormalities 
due to growth indoors may be counter- 
balanced by observing normal growth. 
Follow the life history through to seed 
production and, if possible, set some of the 
seeds produced. 

Sketches and accurate measurements of 
growth should accompany these studies, and 
should emphasise the points here stressed, 
Figs. 4r and 42. - 
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FIG. 42. 
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SMALL BRITISH MAMMALS 


CLASS PICTURE No. 27 


r | XHE British wild mammals (Plate I) 
form a complementary part of the 
natural society of the country, taking 

their toll of other wild creatures and thus 

helping to keep a balance. The carnivorous 
and insectivorous forms, together with birds, 
control mice and insects which tend to 
become so numerous as to rank as pests 
if their natural enemies are destroyed by 
farmers and gamekeepers. Probably even 
the rodents—rats, mice; squirrels—play some 
part in keeping down weeds by devouring 
quantities of seeds, though there is no 
doubt they injure crops. Consequently, 
indiscriminate killing of any and every little 
wild mammal or “beastie” is to be depre- 
cated, both because of the economic results 
of their wholesale destruction, and because 
of the charm and interest of the little crea- 
tures which all offer some attractive studies 
in ways of life. In many cases damage is 
attributed to birds and beasts of which they 
are quite guiltless, and a real knowledge of 
their ways would prevent this, but tradition 
and ignorant superstition block the path to 


_ knowledge and tolerance. 


1. WEASEL.—Male 10 in., female 84 in. 
from nose to tip of tail. Slender body, short 
legs. Rippling, snake-like movement. Small 
rounded flat head and short snout—like 
stoat and otter. Short tail, light reddish- 
brown, short fur. Habitually uses the runs 
of field mice, and feeds chiefly on mice. 
Contrary. to popular opinion, it does very 
little harm though it may take an occasional 
partridge or chicken, but amply compen- 
sates for the theft by killing hundreds of 
mice and young rats in hay ricks and farm 
premises. 


2. STOAT.—Male 17in., female only 
13lin. For a long time thought to be 


different species the difference in size being 
so marked, the female being very little 
larger than a male weasel (ro in.) but always 
distinguishable by the black tip of the tail, 
common to both male and female stoat. 
Long sinuous body and short ears. Rich 


yellowish-brown, with conspicuous cream 
under parts. Hunt chiefly rabbits, but will 
take mice, rats and young birds. Hunt in 


family parties and once on the t (like 
weasels) never leave it till the quarry is 
caught, Bite at the back of the neck and feed 
chiefly on head and shoulders dgers, 
hedgehogs, rats, beetles and other scavengers 
finishing it, unless food is scarce, when the 
stoat will return. On the whole a friend of 


the farmer in keeping down rabbits and 
helping to keep the “balance of nature”— 
as Miss Frances Pitt points out in British 
Animal Life. 

3. WATER VOLE or WATER RAT.— 
12] in. The voles are sometimes called short- 


tailed mice, but differ from mice in having 
a,rounded broad head and blunter nose, 
longer hair and smaller eyes. The water 
vole is the largest of them, having a body 
about 8 in. long, the size of a rat, and a tail 
about 4łin. long. Dark greyish-brown, 
sleek coat. Live in burrows in the banks of 


streams, where they have two or three litters 
in a year. Swim and dive well, but not 
better than true rats. Feed on leaves, reeds, 
branches of trees dipping into or near water, 
water weeds, grass. 


4 WOOD MOUSE or LONG-TAILED 
FIELD MOUSE.—A true mouse, and prob- 
ably the commonest mouse. Larger than 
the house mouse; about 7 in. from nose to 
tip of tail. Legs and tail are longer. Fur 
light yellowish-brown, not so grey or drab 
as the house mouse, These are the mice 
which dig up and eat our young peas, nibbling 
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the seed and leaving the shoot behind, with 
a little hollow where each seedling was 
growing, and later, running up sticks to 
eat the peas in the pod. They will often take 
possession of birds’ old nests or the nests 
of dormice, to which they will take hips 
and other berries, They make winter stores 
of nuts and berries in underground homes. 
(See Hans Andersen’s story of Thumberline 
for a sympathetic account of their winter 
ways.) Found in banks, hedges and fields, 
especially cornfields in the autumn; also in 
ricks, and will enter houses. Preyed upon 
by owls and weasels especially. 

Not to be confused with the yellow-necked 
mouse, or de Winton’s mouse, a distinct 
and larger variety, also quite common. Both 
are great climbers, and both will make their 
homes in houses and greenhouses as readily 
as in their natural surroundings. 


5. DORMOUSE.—Length about 6 in. from 
tip of nose to tip of tail. Rounded head; 
bright yellowish-buff hair with white under- 
parts; short ears, long whiskers, big dark 
eyes; plump body, bushy tail. 

Excellent climber. Winter nest well 
hidden, summer nest about size of a cricket 
ball in bushes 2-3 ft. from ground, especially 
in hazel, but also in brambles and honey- 
suckle. Frequently made of strips of bark 
lined with a few hazel leaves. Sleeps in day 
time and roams at night.  Hibernates 
October-April. Lives largely on insects. 


6. SHREW.—The common shrew is about 
the same size as à house mouse, but has a 
shorter tail. Though many are killed by 
cats and other animals, few will eat them. 
Make run-ways in grass and coarse under- 
growth and keep to these routes, shrieking 
shrilly as they scold or fight with one 
another. Useful because they catch enormous 
numbers of slugs, caterpillars and other 
grubs, as well as spiders, beetles and worms. 
Thick, close fur like plush, of a dark grey- 
brown colour; young, light brown. Long, 
pointed snout and very small, sunken eyes. 
Unpleasant odour probably disliked by 


preying animals, though owls will eat them. 
Digest food so rapidly that they must be 
constantly feeding, and it is said that they 
Írequently die of hunger if without food for 
two or three hours. Exceedingly active and 
fierce. Many of them die after a year— 
possibly this is normal span of life. 


7. HARVEST MOUSE.—Length of body 
2-21in.; to tip of tail about 5in. Local 
and not very common, but its habit of 
weaving together corn stalks and suspending 
its nest between them is well-known. First 
described by White of Selborne. 

Greyish-brown, with reddish hind quarters. 
Often found in corn, oat and bean stacks; 
probably carted at harvest. Food: largely 
insects, but eats seeds as well. Usually runs 
upwards to escape. Needs water. 


8. HEDGEHOG. — Length about 9in. 
Known by sharp-pointed head and long 
spines or bristles. Contracts into a ball 
when alarmed. Often nests in brushwood or 
wood piles. Litter of four to six cream- 
coloured and  soft-spined young; easily 
alarmed, when whole brood will be rapidly 
removed. Food: insects, slugs, carrion; e.g., 
dead rabbits left by stoats. Hence very 
useful in gardens. 


9. MOLE.—Length about 6-8 in. Thick, 
close, short fur is greyish to nearly black. 
Snout sharply pointed, eyes very small, no 
external ears. Broad front paws for digging. 
Lives underground, but is known to feed 
at the surface at times. Food: earthworms, 
slugs, beetles and various insects. Male 
makes elaborate galleries and domed central 
sleeping chamber, but excavations made by 
females are less elaborate. The sexes do 
not live together and the animals are solitary. 
They are thought to need plenty of water, 
and they certainly require much food—more 
than their own weight daily, it is said. 


10. BADGER.—Length 3 ft. Clumsy, 
heavy body, short legs. Long, rough grey 
fur, black legs and under parts, head white 
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with two broad black stripes covering small 
eyes and short ears. Head carried low. A 
night prowler, living chiefly on insects and 
grubs, for which it digs. Will kill young 
rabbits, digging a straight shaft down to 
their nursery, which it detects by smell. 


- Does much less harm than is popularly 


supposed, is quite inoffensive unless attacked, 
when it will fight and bite hard. Excavates 
its "sett" or “earth” in rocky woodland, 
not far from water. Two entrances. Often 
black and white hairs mixed with bedding 
thrown out will reveal it. 


ir OTTER.—Length about 3 ft. 4in. 
from tip of nose to tip of tail. Carnivorous 
and solitary, except during mating season. 
Mother alone rears young, usually making 
a nest under roots of tree or other sheltered 
hollow near water. Although the adults 


are expert swimmers and divers, able to 
swim for long distances under water and 
twist and turn to catch fish, the young have 
to be taught all these activities. Feed largely 
on fish, but will eat any live creatures they 
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can catch—-frogs, snails, eggs and young 
birds. The head is rounded, with short ears 
sunk in fur; body long and slim, like a large 


weasel, with short legs and broad, flat, 
pointed tail. Five toes. Unfortunately, for 
it is a most interesting creature, becoming 
rare through being unmercifully hunted 

12. HARE.—Length 25 in. Legs and ears 
longer than in rabbit, colour lighter a: lore 
sandy, white underneath. 5 in. longer than 
rabbit. 

Lives in open country, pasture fields or 
furrows of cultivated fields, especially on 
gravel or chalk. No nest or lair, but vers 
low on ground in slightly hollowed m." 
Extremely keen sight, smell and | ng. 
Colouring affords good protection ile 
light underside counteracts ground sh: ow. 

The young, (two, three or four) much 
further developed than young rabbits, being 
covered with hair, with open eyes. S ite 
after a few days, though they may stiil feed 
together when the doe has left them, ich 


is after about one month. 
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SECOND YEAR'S COURSE 


AUTUMN TERM 


LESSON UNIT I—FOOD, MOVEMENT 
AND FORM 


Introduction.—It was shown in the previous 
vear's work that food is an animal's greatest 
need and that the power of movement is 
largely bound up with the need to obtain 
food. Both the legs and jaws of many animals 
take part in the capture of food. It was 
noticed that some water insects use their 
powerful jaws, like pincers, to grasp the 
prey; e.g., water beetle and dragonfly larva. 

We are now going to see how the develop- 
ment of both head and jaws has been 
connected with the need for 
obtaining food. 


Development—1. Hydra.—Have 
the microprojector ready for use 
so that the objects can be shown 
at appropriate points in the 
lesson. (See Appendix I on use 
of microprojector. Remind the 
children that last year they 
were shown one of the simplest 
known animals— amoeba — and 
were able to see it move about. 
Ask howit moved. Show it again 
if desired. Note that its shape is 
indefinite, and that it can move 
equally well in any direction. 
This, however, has one dis- 
advantage. It changes its 
direction so easily in response 
to conditions in the water— 
e.g., the slightest contact with 
any other object, or changes in 
the amount of light—that it is 
unlikely to make much progress 
in any one direction. Most 
animals need to be able to follow 


FIG. 43. 
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their victims, hence it is important for them 
to be able to move straight and swiftly 
in one direction. For this a long slim body 
is an advantage. Let the children think 
of all the fast-moving animals they can 
remember, and note that they have this 
characteristic. 

There are amongst the lower animals 
many cases in which the body is not long, 
but more or less round. This is usually 
characteristic of sedentary animals—animals 
which remain in one place, sometimes 


attached. A good example is the small 
animal called hydra (Fig. 43), which is 


tentacle 


VERTICAL SECTION OF HYDRA 


3 A 


ound in many ponds and ditches attached 
uckweed or other pond weeds, not far 


d a green one. When contracted they 
are barely visible, but when fully expanded 
they may extend to about jin. The body 
is a slender tube attached by its base to a 
weed. At the free end a ring of six to eight 
= fine feelers or tentacles encircles the mouth, 
. Which is raised on a little cone. Although 
_ there is a mouth, there is no true head, and 
he mouth is merely an opening into an 
nternal sac in which food is digested. The 
 tentacles, and indeed the whole surface of 
he body, bear minute poison darts which 
an be shot out as soon as the animal is 
. touched, and these paralyse the water fleas 
and minute shrimplike creatures on which 
hydra lives. They are then pushed through 
the mouth by the tentacles into the body 
avity, where they are digested. 
If the living hydra is displayed in a glass 
¿cell by means of the microprojector, it is 
possible to watch the rapid muscular con- 
|. traction and slow expansion (relaxation) of. 
— the body and tentacles, and to see the cone 
upon which the mouth is situated and the 


Fic. 44. HYDRA 
Half expanded. c. Fully expanded. 


lighter colour which indicates that the body 
is a hollow tube, Fig. 44. 

If a few small water fleas are placed in 
the water, it might be possible to sce the 
hydra feed, but this is a matter of chance, 

Let the class see the actual size by holding 
the cell against the lighted screen. 1 


It is possible for hydra to change its 
position by bending down and adhering to a 
support with its tentacles, then raising the 
base and bringing it close to the mouth 
end. By a series of such looping movements, 
like those of a looper caterpillar, it gradually 
moves along; or it may turn a somersault 
by bringing the base right over in front of 
the tentacles, Fig. 45. Show this by diagrams 
on the blackboard. 

2. Flatworms.—If hydra had to follow 
its prey, this would be an inconvenient 
method, It is much better for an imal to 
follow its head. Such a method of procedure 


has been adopted by a very lowly group of 
animals, not much higher in the scale than 


- hydra, called the flatworms, Fig. 46. Some 


of these are marine, others are found in 
ponds and ditches or damp places. A small 
black form, about iin. long when fully 


- 


Direction of motion —> 
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Food canal evaginated as anitnal feeds 


Tic. 46. FrLATWORM 
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tube feet 
acting as 
suckets 


Fic. 47. STARFISH 


grown, usually turns up ii any "catch" 
from a pond and should be watched in the 
aquarium. It has a smooth, gliding move- 
ment. It can suspend itself on the surface 
film and glide over weeds. It will be found 
feeding on dead larvae of insects or other 
dead creatures, and if it is then raised 
gently by means of a thin blade or fine brush 
it will be seen to be firmly attached to its 
food by means of a narrow white tube 
protruding from its mouth, which is in the 
middle of the under surface. Here, then, is 
a curious condition, for head and mouth are 
not together. At the anterior end of the body 
there is a pair of short, blunt tentacles, 
and the microscope would show a very 


ARM 


UNDERSIDE OF 


primitive brain, and scattered pigment 

or eyespots which are sensitive to light, 
that this region must be regarded as a sin 
head. It seems as if this group of w 

is experimenting to find the best relations! 
for mouth and head, for in some cases t 
mouth is at the posterior end of the bı 
and in others at the head or anterior ei 
position which has been adopted by all 
higher animals as most convenient. 
higher animals, the chief sense organ 
eyes, ears, organ of smell—are also í 
centrated in this region, round about the 
mouth. This draws our attention to the 
importance of sense organs in relation to 
catching food. 


five teeth 
mouth 


hard plates 
surrounding 
mouth 
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3. The starfish and sea urchin.—As a 
contrast to the animals which have developed 
a long body and a head, the children might 
be shown dried specimens of a sea urchin 
and a starfish, which have retained the 
more primitive circular form. As their food 
consists chiefly of shellfish, which are not in 
the habit of moving quickly, a haphazard 
gait is just as likely to bring them in 
contact with it as a more direct and rapid 
one. 

Both starfish and sea urchin move by 
using numerous small projections called tube 
feet which act as suckers, Fig. 47. These are 
situated in five radial grooves, and are part 
of a water-pumping system which enables 
them to move or adhere to the surface on 
which the animalis crawling. By attaching 
its arms, containing the tube feet, to a 
mussel or oyster, the starfish can exert 
such force that it can pull the valves apart, 
when it pushes its stomach into the opening 
and sucks up the contents for, like the 
flatworms, it can evert the food tube. In the 
sea urchin a very strong arrangement of 
jaws encloses the mouth just inside the 
shell, enabling it to crush its food, Figs. 48 
and 49. 


outline 


of shell 


FIG. 49. 


ue Crushing teeth 


meeting ina point 


" ARISTOTLE'S LANTERN "—]Aws OF SEA URCHIN 


PRACTICAL WORK 


1. Make sketches of hydra while watching 
it thrown on the screen by the micropro- 


jector. 


2. Watch and make sketches of a flatworm, 
Put minute scraps of raw meat in the water 
and try to watch it feed. 

3. Draw a starfish and sea urchin from 
museum specimens, to show the central 
position of the mouth, and circular shape. 
Note that there is no head, or front end. 


LESSON UNIT II —FEEDING UTENSILS: 
EXTERNAL JAWS 


Introduction.—In the last lesson we con- 
sidered the importance of an elongated shape, 
the power to move in one direction, and the 
importance of a head, with mouth and sense 
organs at the front of the body. We also 
referred to the importance of jaws. Jaws 
have a twofold function. They may help 
in capture and in mastication. 


Development.—In the lower animals, or 
invertebrates, if jaws are present they are 


internal 
framework of 
hard parts 
with strong 
muscles 


Sr a | 
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space 
occupied 
by neck 


FIG. 50. 


UNDERSIDE 
or HEAD 


the sea 
]t has 


mouth; 
urchin is an apparent exception. 
been seen that in insects they are hinged 
at the sides of the mouth. This is true also of 


usually external to the 


2nd pair of soft 


COCKROACH— 


PRACTICE FOR SENIORS 


the crabs, lobsters and spider: 
jaws consist of blades, which work 


mandibles. 


sideways on hinges, rather like 
scissors. There may be quite a 
complex system of blade nd, 
in addition, there are lly 
outer branches called palps, 
which are capable of testing the 
food by touch and possil by 
taste. 
1. The cockroach.—Show by 
means of the microproject a 
slide of the mouth parts the 
cockroach, Figs. 50 and It 
will be seen that there are three 
pairs of jaws. First to be scen, 
on either side below the « ks, 
is a pair of strong, slightly ved 
blades, with a toothed edge. These are called 
Projecting slightly beyond them the 
second pair, called maxillae, each consisting 


aus 


forming lower lip (labium) 
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JAws or COCKROACH 
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edge 
of foot 


SNAIL—UNDERSIDE OF HEAD 


FIG. 52. 


of a blade and an outer palp of several 
joints. 

Meeting the middle line is the third pair, 
of the same type as the maxillae but fused 
together at the base to form a plate or lower 
lip. The whole organ is called the labium. 
The method of mastication by tearing and 
chewing food and passing it from jaw to 
jaw is wasteful; probably a good many 
crumbs are dropped, and the labium seems 
to serve as a plate to catch them and so 
prevent some of this waste. It can be seen 
that an internal system of mastication such 
as we find in the mammals, with the food 
enclosed in a mouth cavity during the 
process, would be more economical. 

Overhanging the whole system of jaws is an 
extension of the headplates, called the 
labrum or upper lip. 

If it is possible to obtain some cockroaches 
and enclose them in a glass bowl, with 
some bread crumbs, the method of using the 
jaws may readily be watched, together with 
the exploratory movements of the feelers. 
If they are then killed by being dropped 
into boiling water or by a few drops of 
chloroform on a small pad of cotton wool, 

F—VOL. II-S 


the jaws may be examined with a lens and 
the above points determined. For use with the 
microprojector it is best to separate the 
jaws, using botany needles and fine-pointed 
scissors, They may be placed on a micro- 
scope slide, without using any mounting 
medium, covered with a cover slip and 
ringed with gold size, or mounted in Farrant's 
medium. (See Appendix IIT.) 


2. The garden snail. —Another invertebrate 
which is provided with a jaw is the garden 
snail. The mouth lies immediately below 
the head, in front of the foot. The mouth is 
surrounded by three lips, which open to 
disclose a horny arch or jaw above, and 
the so-called tongue, which is really a 
muscular pad bearing a ribbonlike band of 
teeth. This pad can be projected; the fine 
graterlike teeth rub away the surface of 
soft green leaves. The substance is scooped 
up into the mouth as the rasping organ or 
radula moves back again, and swallowed. 
lt is said that the teeth number about 
15,000. Part of the radula can be shown as 
a slide, Figs. 52 and 53. 

T he octopus and cuttlefish—In the distantly 
related octopus and its relations the cuttle- 
fishes, a pair of powerful jaws is found 


SNAIL—PoRTION OF RADULA, 
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(Fig. 54), rather like the beak of a parrot, 
and these together with the long, powerful 
tentacles often provided with horny suckers, 
make them a terror of the seas. The common 
sepia, a small cuttlefish with ten arms, not 
eight as in the octopus, is often thrown up 
on our beaches or thrown out of fishing 
nets when the fish are sorted, so that it is 
sometimes possible to obtain these quaint 
creatures and examine them. 


PRACTICAL WORK 


Make labelled sketches of the jaws of a 
cockroach. Watch living cockroaches 
enclosed in a glass vessel searching for 
food and feeding. 

Note at the same time the typical character- 
istics of an insect, as follows: 

I. Horny outer covering or skeleton of 
jointed plates. Note how these are arranged. 

2. Body divided into three regions: 

(a) Head, bent downwards on thin neck, 
bearing one pair of feelers or antennae, eyes, 
three pairs of jaws. 

(b) Chest or thorax, bearing three pairs 
of long, jointed legs on the ventral side, and 
two pairs of wings on the dorsal side on the 
second and third segments. Note the 
membranous wings. 

(c) Trunk or abdomen, bearing no append- 


This end 
attached 
4o head 
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ages except on the last segment 
jointed styles or cerci. 


There are actually ten abdominal sı 


but several are telescoped at the 
end, as is often the case with ins 
typical arrangement is head plus | 
segments. Cockroaches are 
more primitive insects. In the hig! 
a good deal of change and fusio: 
has taken place, especially of mo: 
concealing the original plan. 

3. Watch a garden snail feedin 
it on a glass plate and look at 
with a lens. Watch a pond snail fe: 
the side of a glass aquarium and ! 
the radula with a lens. 


am 


LESSON UNIT III —CLASSIFICATI: 
ANIMALS 


Introduction.—Much time has been 
a consideration of food and feeding, 
of their vital importance to all anin 
because feeding and movement have 
influenced the forms which animal 
assumed—the shape of the body; | 
of mouth, head and sense organs; ch 


of the jaws and teeth; character of the 


Since the classification of animals is 
upon similarities and divergences of 
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indicating near or very distant kinship, this 
seems a suitable place to consider how animals 
are classified. Only the more important 
groups have been included here. 


Development—1. Method of classification. 
—We divide the world of living creatures 
into the plant and animal kingdoms. Each 
individual animal or plant belongs to a 
species, or kind, of which the members are 
so similar that, as one zoologist says, “To 
know one is to know all." For instance, all 
domestic cats are of one species. Only 
individual differences distinguish them. 

Species are grouped or gathered together 
into genera, another word meaning kinds, 
which have a great many features in common 
but at the same time more marked differences 
than distinguish one species from another. 
For instance, the domestic cat belongs to 
the same genus, Felis, as the lion, tiger, 
panther and leopard. The round skull, short, 
strong jaws, sharp cusped and pointed teeth, 
soft fur, retractile claws, sinuous body, as 
well as habits generally, characterise all these 
animals. 

The native British red squirrel, and the 
Canadian or American grey squirrel, are 
examples of different species of the same 
genus. These show marked differences from 
the rat, hare and rabbit, beaver, guinea pig, 
yet the nature of their teeth, with a chisel 
edge for gnawing wood and vegetable 
substances (see illustrations on page 37) 
together with various characteristics of limbs, 
skull and internal organs, show that all these 
animals are related. This relationship is 
expressed by gathering them together into 
the same order, the rodents (Rodens= 
gnawing). The rodents belong to the larger 
group, or class, of the mammals. 

The mammals are animals which suckle 
their young on milk. Further, the young 
are developed for some time, varying widely 
in different orders, inside the body of the 
mother. The body is covered with fur. In 
most cases, well-developed teeth are found, 
specially differentiated, that is, of different 
kinds, in connection with the different kinds 
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of food used. Thus, mammals feeding on 
vegetable food have chisel-like front teeth 
or incisors, and broad, flat, ridged cheek teeth 
or molars. This result is achieved in different 
ways, so that, apart from size, there would 
be no difficulty in distinguishing the teeth of 
rabbits, horses, sheep and the more primitive 
kangaroos, for although their teeth have 
these characteristics in common, they are 
quite unrelated and the patterns are different. 
It is said that “fingers were made before 
forks," but teeth and claws were made 
before fingers, and the diversity of these 
natural tools is linked with the diversity of 
food, 

In explaining these points to a class, 
pictures are useful but the teacher should 
make every effort to secure actual skulls so 
that they can be demonstrated and sketches 
can be made. Refer back to work down in 
first year, lesson units IV, V and VI of 
the second term. A visit to a local museum 
is desirable. There should be no difficulty 
in obtaining skulls of a cat and rabbit, some 
insect-feeding mammal such as a mole or 
shrew, and one can often pick up the jaw 
bone of a sheep or readily obtain a head from 
a butcher. Heads of birds showing different 
kinds of beak in connection with different 
feeding habits might also be shown for 
comparison. For the preparation of skulls 
see Appendix IT. 


2. Main groups of animals.—Having 
explained and illustrated the method of 
classification of animals, the teacher might 
now show the children a tabulated arrange- 
ment of the main groups of animals. They 
will be interested in seeing the position of 
the animals they already know and finding 
out on what grounds they are so placed. 
In subsequent work, any new animals 
mentioned or studied should be referred 
to their place in the scheme. There is no 
need to attempt to learn this table by 
heart, but constant reference to it in later 
lessons will soon make it familiar. The 
characteristics of each group are briefly 
indicated in the accompanying tables. It 


(—myriad feet). 
Ex: centipedes; 
millipedes. 
Insects 
(head, thorax, 
abdomen, 3 pairs 
legs, usually winged). 
Ex: cockroach, 
Class IV. Arachnids. 

Ex: spiders, 


Class III. 


THE ANIMAL KINGDOM 
Sub-bhylum. Vertebrates 
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THE ANIMAL KINGDOM 
+ (Three phyla have been left out.) 
Phylum I. Phylum II. Phylum III. Phylum IV. Phylum V. Phylum V1 
Protozoa or Sponges. Coelenterates Flatworms. Echinoderms Annulates or 
non-cellular or sac-like Includes many (=spiny- ringed worms 
animals. animals. parasites skins). (body divided 
Ex: amoeba. Ex: hydra; suchastape- Ex: starfish; into segments). 
seaanemone; worms. sea urchin. Ex: earthworm; 
coral; jelly- many ea 
fish. worms; leeches. 
Phylum VII. Phylum IX. Phylum X. 
Arthropods (=jointed-feet). Molluscs (soft bodied). Chordates. 
Four main classes: Commonly called shellfish. Animals in which the principal 
Class I. Crustacea Ex: cockle; snail; cuttlefish. nerve or central nervous 
(=hard skin). system is dorsal in position. 
Ex: crab, shrimp. . In nearly all it is enclosed in 
woodlouse. a cartilaginous (gristly) or 
Class II. Myriapods bony skeleton (vertebrae). 


These belong to the sub- 


phylum vertebrates. 


(Several classes of primitive chordates have been left out.) 


Class Pisces or Fishes. 
Live in water and breathe by 


gills, 

Swim by means of paired fins, 

which are supposed to be the 

forerunners of legs, and un- 
. paired fins. Lay eggs. 

Ex: herring; shark, 


Class Amphibia. 
Early life passed as a larval 
stage, swimming in water by 
using a tail fin and breathing 
by gills. 
Adult life breathing atmo- 
spheric air by lungs, and 
moving by means of legs. 
Lay eggs. 
In a few forms (salamander) 
these are retained in the body 
of the mother through larval 
stage. This takes place where 
they are far from water, in 
high mountains. 
Ex: newt, frog, toad. 


Class Reptiles. 


Breathe atmospheric air by 
lungs. Lay eggs. Scaly skin. 
Creep on ground by short legs, 
or without legs. Many orders 
including many important 
extinct forms. Were at the 
height of prosperity in meso- 
zoic period. 

Ex: snake; lizard; tortoise; 
crocodile. 


Class 
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Birds. 


Breathe atmospheric air by 
lungs. 


Lay 


eggs. Fly. Front limbs 


converted to wings, covered 


by fe 


athers, but scaly legs. 


No teeth. Horny beak. 


Orders (some left out). 
I. Cetacea. 


Mammals which have 
gone back to live under 
the sea, but come up to 
breathe, using lungs. 
Front limbs converted 
into fins (cf. flippers of 
seal, which is half-way 
back to the same kind of 
life), Back legs lost. No 
hair. Large tail fin for 
swimming, but not like 
that of a fish in structure. 
Ex: whale; porpoise. 


4. Carnivores (—flesh-eaters). 


Sharp, pointed, cusped 
teeth for tearing flesh. 
Strong claws. 

Each of following ex- 
examples represent a 
different family: lion; 
dog; bear; weasel; otter; 
seal; walrus. 


9. Primates. 


Nearly all adapted to tree 
life. Opposable thumb 
allows grip, and well de- 


veloped collar bone helps 


to take weight when 
hanging from a tree. 
Teeth and food canal 
suited to a mixed diet. 
Brain well developed. 
Nails flat. —Gregarious 
habit. 

Ex: monkeys; man. 
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Class Mammals. 

Young developed in body of 
mother, and suckled with 
milk. 

Furry or hairy covering. 
Ex: cat. 


THE ANIMAL KINGDOM 
Class Mammals 


2. Ungulates (—hoofed). 
Single hoof—horse. 
Cloven hoof—cow, sheep. 
Herds of animals in open 
spaces or in mountain- 
ous regions. Swift- 
footed, long-legged. 
Incisors chisel-like, 
molars ridged and flat. 


5. Insectivores (—insect-eaters). 


Small animals with fine 
needlelike teeth of a 
simple type (cf. sharp 
fine beaks of insect- 
eating birds such as tits). 
Ex: mole; shrew. 


3. Rodents (=gnawing). 


Chisel-like front teeth 
and broad, ridged molars. 
Small animals. 

Ex: mouse; rat ; squirrel; 
rabbit. 


6. Bats. 

Like insectivora but able 
to fly. Front paws have 
elongated bones with 
membrane 
between. 


stretched 
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is suggested that the teacher should make LESSON UNIT IV—DIGESTION OF FOOD 


. 
D. 


enlargements of them for class use. DISSECTION OF EARTHWORM AND 
FROG 


PRACHCAL WORK Introduetion.—In order to mov nd 


Revise teeth of dog and rabbit, and draw perform its various activities, an nal 
any additional teeth (or skulls) available, uses up its supply of energy, which the body 
either in the classroom or museum, labelling has to provide. We know that a rol 
them to point out essential features. engine obtains energy, which move: ar 
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PLATE XVI. TREE or ANIMAL LIFE 
(Class Picture No. 88 in the Portfolio. ) 
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or an aeroplane, from its fuel, the petrol; 
while a boy moving on a bicycle has to 
supply the energy himself from his own 
muscles. His body performs work to release 
energy, which then propels the bicycle. 

Just as petrol is split up when energy is 
released, so the actual tissues of which our 
bodies are made—muscles, bones, blood— 
are split up, and used up or worn away, to 
give us the energy we need. The tissues are 
holding it in reserve, or storing it. 

Our tissues were originally built up—or 
grew—as a result of the food we took. As 
these tissues are worn away new substance 
must be formed. This also we obtain from 
our food. It follows, then, that food is the 
source of our energy. But before our food 
can be built up into body tissues, it must 
be able to reach the site of these tissues. 
This cannot happen while the food is in a 
solid form. Hence it is necessary that the 
food shall be broken up, dissolved, and then 
absorbed into the body, so that it may 
ultimately reach its proper destination. 
These processes of breaking up, dissolving 
and absorption together make up digestion. 


Development—1. The lowest animals.—In 
the lowest known animal, amoeba, the 
substance of the body sends out processes 
which surround the food. It is enclosed in 
a space into which a digestive juice pours 
from the surrounding substance. This juice 
dissolves the food and it is then absorbed 
directly. In hydra, the food enters a hollow 
tube or body cavity. The lining of this tube 
makes a digestive juice which acts upon the 
food, breaks it up and dissolves it, so that 
it can be absorbed into the wall of the 
cavity. 


2. Theearthworm.—In the higher animals, 
however, with larger and more complicated 
bodies, there is always a special, separate 
tube in which digestion takes place. This 
runs from one end of the body to the other, 
opens by the mouth in front and the anus 
at the hind end, and is called the food 
canal or alimentary canal. 


This can be seen in its simplest form in 
the earthworm. So that all the class may 
have an opportunity of seeing them, several 
specimens should be prepared by the teacher 
in the following way: 

Kill some large earthworms by placing 
them in methylated spirit. Place each worm 
in a small dissecting dish dorsal side upper- 
most, extending it gently so as not to tear 
it, and with a pair of fine dissecting scissors 
make a cut lengthwise along the middle 
line. Begin in the wide region just behind 
the anterior end, cutting carefully forwards 
to the anterior end and backwards till part 
of the intestine is exposed—about half the 
length of the worm. Keep the scissor points 
nearly horizontal so as not to cut too deeply 
into the tissues. 

Pin out the flaps with fine pins, sloping 
them with the heads outwards, as flat as 
possible. The alimentary canal has now been 
exposed. Fig. 55 shows the main parts. A 
blackboard diagram will help the class to 
distinguish them. 
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Let one boy or girl in cach group insert 
a seeker into the mouth of the worm. It will 
be seen that it passes into a strong-walled 
chamber extending to about the sixth 
segment. This is called the pharynx. Its 
aperture is quite small, as may be seen 
later, when sketches have been made, by 
cutting it open. It seems to be used chiefly 
in helping the worm to draw food into the 
mouth, for both mouth and pharynx can 
exert a strong suction, sufficient to remove 
leaves, leaf stalks, small stones and other 
Objects, and drag them into the burrow. 
As a considerable amount of soil is swallowed 
and food extracted from it, this power of 
suction is important and compensates for 
the absence of jaws. 

Note that the seeker has passed through 
this into a thin-walled tube behind it, the 
oesophagus. Through this the food passes 
and enters another thin-walled, wide Sac, 
the crop, where it is apparently stored for 
à time before entering the gizzard. This is 
a strong-walled chamber with a hard, horny 
lining, and serves as a mill in which food is 
ground up. Verify this by feeling its hard 
wall and, later, slit it open and examine it. 
It reaches to about the twentieth segment, 
Compare with the crop and gizzard of a 
bird, which serve the same purpose, 

The gizzard narrows down a little, then 
flattens out into the thin-walled intestine, 
dark in colour and overlaid by a yellow 
Substance known as the yellow cells, but 
concerned not with digestion but excretion. 

Certain whitish substances in the region 
of the oesophagus are called the calciferous 
glands; they manufacture a limy substance 
Which is poured into the oesophagus, and it 
is thought that this neutralises the acidity 
due to the large quantities of decaying 
plant material in the soil eaten. 

3 Tf the intestine is slit open, or broken as 
it often is by accident, it will be found that 
the contents are finely ground and soft. 
Much of this consists of finely divided soil, 
Which passes out at the anus and is left 


as a coiled casting at the opening of the 
burrow. 


It seems probable that digestive iuices 
pour into the intestine and that, after being 


dissolved, the food is absorbed here: that 
is, it passes through the thin wall. Note in 
this connection that a long blood vessel and 
many small ones lie in the region of the food 
canal. As will be explained in more detail 
later, it is the blood which carries the 
dissolved food to the tissues which need it, 

Note also that in the region of the 
oesophagus, five pairs of swollen | lood 
vessels, perhaps having the form of bead- 
like chains, may be seen. These are called 
the hearts, and by their pulsating movements 
drive the blood forward and downward and 
so keep it circulating, 

While the earthworm is being examined, 
note also various whitish bodies lying below 
and round the oesophagus, These are the 
reproductive bodies, producing eggs and 
sperms, or male cells, which by their union 
form offspring. Each earthworm combines 
both male and female, but does not feriilise 
its own eggs. Cross fertilisation takes | ice 
as in many flowers. 

Before leaving the earthworm, press aside 
the food canal and note with a lens a à ble 
nerve cord lying in a slight groove beneath 
it. In each segment notice small swellings 
or ganglia on this cord. It is interestin to 
realise that such a lowly creature has a 
well-developed system of nerves, It has also 
a minute brain, or rather larger pair of 
ganglia, but these are difficult to find. Note 


also how the body is divided into segments 
by thin plates of skin, which help to fix the 
food canal in position. 


3. The frog.—From an examination of the 
means of digestion in the earthworm, pass 
on in the next period to that of the frog, 
which is one of the Amphibia and, therefore, 
of the lower vertebrates (see classification). 

Any animals required for demonstration 
should be killed and prepared beforehand. 
The animal is chloroformed in an airtight 
vessel—a box or tin with a very tight- 
fitting lid. It can be dissected under water 
in a pie dish. It is pinned down through the 
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extremities and a slit is made through the 
skin and body wall on the ventral surface. 
The flaps are turned back and pinned down. 

It is sufficient to open the body cavity 
and show the main organs without attempting 
any dissection. The delicate membranes 
enclosing heart and lungs will need to be 
cut away very carefully to expose these 
organs. The alimentary system is the most 
important part for children to see, but 
their attention may be drawn at the same 
time to the position of heart, lungs, kidneys, 
bladder, reproductive organs. These may 
be identified from the accompanying 
diagrams, Figs. 56, 57 and 58, and Plate 
XVII. 
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The heart lies well forward in 
line, with its apex pointing bac! 
is dark red in colour and cannot | 


cardium) is cut away. 

The lungs are narrow pinkish 
rather deeply embedded on eithe: 
the heart, and slightly obscure: 
anterior edges of the liver whic! 
across the whole cavity and c 
several dark red lobes. To see 
clearly insert a blow pipe or glass i 
to a narrow aperture into the t] 
inflate them by blowing. 
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observer looks at it—is the gall 
bladder, which manufactures bile. 
Further back in the folds of the 
intestine may be seen a small dark 
red ball; this is the spleen. 

Close to the vent is a thin- 
walled sac, fastened down in the 
middle and having two lobes. This 
is the bladder, opening into the 
cloaca. 

In order to see the kidneys, move 
aside the whole of the intestine. In 
the middle line, attached to the back 
wall,are two long, dark red organs. 
These are the kidneys and closely 
connected with them, in the male, 
are two oval organs, the repro- 
ductive bodies. In the female, 
especially just before the breeding 
season, the whole abdominal space 
is crowded with the black and 
white eggs, lying in the ovaries, 
while twining between them are 
the white, shiny-looking, convoluted 
tubes (oviducts) by which they will 
escape. : 

Just below the kidneys the backbone 
comes to an end, and passing outwards from 
it can be seen a number of conspicuous white 
nerves, spreading out from the spinal cord 
to the hinder part of the body. Blood vessels 
may also be noticed in the region of the intest- 
ine, stomach and kidneys, showing how well 
supplied with blood the body is. Note also 
the large vessels spreading from under the 
arms to the skin. This is important because 
the frog breathes by means of its skin as 
well as by lungs. 


4. Dissecting a frog.—In dissecting a frog, 
one precaution must be taken, owing to the 
presence of a vein which runs in the middle 
line of the abdomen. After cutting through 
the skin this can be seen. Instead of cutting 
through the body wall exactly in the middle 
line, cut slightly to one side so as to avoid 
this. Make a slit about in. long, then a 
corresponding slit on the other side of the 
vein. Take a piece of thread and with fine 
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DISSECTION or FROG—SECOND STAGE, 
SIMPLIFIED TO SHOW MAIN ORGANS 


forceps slip it under the vein and tie it tightly 
round, Fig. 56. An inch away from this, 
tie another thread. This is called a ligature 
and prevents the blood from flowing when 
the vein is cut, Now cut through the vein 
between the two ligatures. Next continue 
one of the cuts alongside the vein, avoiding 
cutting through it again. Strong scissors 
will be needed for cutting through the breast- 
bone and great care must be taken not to 
cut deeply, as the heart and important blood 
vessels lie just beneath it. A middle piece of 
the bone may be removed to facilitate spread- 
ing out the flaps of the body wall and 
pinning them down. 


5. Differences between the frog and earth- 
worm,.—If it is desired to keep for several 
days an animal which has been opened, 
it can be kept in 4 per cent formalin, or 
formaldehyde. The strength usually sold is 40 
per cent. This can be diluted with distilled 
water—g parts water to 1 part formalin. 
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Fic. 58. DISSECTION OF FRoG—SECOND STAGE: 
Bopy Warr Cur THROUGH AND PINNED Back TO EXPOSE ORGANS 


The chief advance we shall find on the 
earthworm is that a special organ called the 
Stomach has been developed. This corres- 
ponds in some respects to the gizzard of the 
earthworm, but has this additional character- 
istic, that food is churned up with the 
slightly acid gastric juice and so partially 
dissolved as well as broken up. 

The next difference is that the first loop 
of the intestine, bent against the stomach, 
also receives juices from organs which lie 
outside it, called the liver and pancreas, so 
that here the processes of dissolving or 
digesting the food are continued. These 
digestive juices are the bile and the pancreatic 
juice. 

Below this loop, called the duodenum, lies 
the coiled tube known as the small intestine, 
concerned, as in the earthworm, with 


absorption of the now liquified food 
through its wall. This is much longer than 
in the earthworm, and therefore there is a 
greater area of absorption, but coiling 
enables it to be packed into a small space. 
If a tadpole is examined, the intestine can 
be seen through the thin abdominal wall, 
coiled like a watch spring. It is proportion- 
ately much longer than in the adult frog, a 
fact connected with the vegetarian diet of 
the tadpole, for it is necessary to eat much 
greater bulk of the less concentrated vege- 
table food to obtain sufficient nourishment. 
The intestine widens out into a short tube, 
called the large intestine because of its 
greater width. In the higher animals this 
part is chiefly active in absorbing water, 
and the residue which cannot be absorbed 
then passes out, by the anus, as a solid 
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mass. In the frog, the intestine opens into a 
common passage, the cloaca, which receives 
the openings from the bladder, kidneys and 
reproductive organs as well. 

In both the earthworm and the frog, 
waves of muscular movement pass down the 
whole length of the alimentary canal, and 
these contractions slowly force the food 
along. Effective digestion of food is known 
in the higher animals to be dependent to 
some extent on the healthy condition, or 
"tone," maintained by the nerve supply 
of these muscles, for if this movement 
(peristalsis) is inadequate the food tends to 
become stagnant. 


6. Summary.—tThe following are the main 
processes of digestion in earthworm and frog: 

i. Food passes through the mouth cavity 
and pharynx into the oesophagus. No 
digestion takes place here. In mammals, 
however—e.g., rabbit and ourselves—some 
of the starch is digested by saliva. 

2. In the earthworm, food enters the crop 
and then passes to the gizzard, where it is 
broken up. If acid, it is neutralised by the 
product of calciferous glands. In the frog, 
it enters the stomach where it is churned 
up with gastric juice from the walls of the 
stomach. 

3. In the earthworm, it now passes into 
the intestine where it is liquified and 
absorbed through walls. The intestine is a 
straight tube. 

In the frog, the first loop of the intestine 
(duodenum) receives the bile and pancreatic 
juice, and further digestion proceeds until 
the food is completely liquified. It is 
absorbed by the small intestine, a coiled 
tube (to give extra length). 

4. Undigested residue passes out by the 
anus. In the frog, the large intestine or 
rectum passes into the common tube (cloaca) 
into which open the bladder, kidneys and 
reproductive organs. 


PRACTICAL WORK 


I. Examine and draw the alimentary 
canal in a dissected earthworm. Show 
also the hearts and calciferous glands, and 
septa (a septum=a division) dividing the 
segments. 

2. Examine a frog and draw the alimentary 
canal. Look for the heart, lungs, kidneys, 
bladder. 

3. Open the pharynx, crop, gizzard and 
intestine of the earthworm. Note the thick 
walls of the pharynx and gizzard and the 
finely divided soil in the intestine. Look for 
earthworms' castings in the garden and 
compare. 

4. Mark off a piece of soil in the garden 
containing earthworms' burrows. Sweep it 
clear of leaves and stones, then place leaves, 
small twigs, small stones, and small triangles 
of paper on the soil and note whether any 
of them are pulled into burrows. Mark their 
first and last positions on a diagram and 
measure how far they have been pulled. 
This shows the strong power of suction 
possessed by the mouth and pharynx. 

5. Keep some frogs in a comfortable 
vivarium, with fresh turf and a shallow bowl 
of water. Feed on mealworms (grubs of the 
click beetle, obtainable from naturalist’s 
shops), blowfly “maggots” or “ gentles” 
(from fish tackle dealers, or easily bred by 
leaving a small piece of meat in a plant 
pot out of doors), and flies if obtainable. 
Watch, the frog eating. Note how it catches 
its food and that it bolts or swallows it 
whole, having no teeth for mastication but 
only small needlelike teeth which help it to 
grasp its victim. If a large creature is 
swallowed, note how the eyes are drawn 
down to press into the mouth and help in 
swallowing. 

Constant movements of the throat can 
also be seen. The frog has to swallow air 
for breathing. 
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WINTER-SPRING TERM 


BREATHING : VERTEBRATES 


HIS section may be best studied from 

fishes and man, with some reference 

to the breathing of birds (including 
breathing of a chick in the egg), tadpoles 
and frogs. As living animals will be needed, 
it will be convenient at the same time to 
notice their habits and structural character- 
istics, while concentrating attention especially 
on methods of breathing. 


LESSON UNIT I —BREATHING IN 
FISHES, TADPOLES AND FROGS 


Introduction.—Obtain some goldfish and 
tadpoles. Keep the goldfish in glass tanks, 
zinc baths or enamel bowls having straight 
sides and a large surface. If possible, aérate 
by means of running water for an hour or 
two daily, and keep growing water weeds 
and clean sand in them. The water need 
. only drop into the tank to carry air with it. 

Draw attention to the regular opening and 
shutting of the mouth, while the sickle- 


Upper Jaw 


Fic. 59. HERRING— SiDpE View or HEAD 


shaped plates at the sides of t! ad rise 
and fall. What does this sug: 

Development—1. Necessity for 'eathing. 
—State that, besides eating : rinking, 
all animals have to breathe. W. the air, 
which we draw down into our lu: ind we 
open our windows to let in fr« Now 
it is not the whole of the air that reathe, 
but a substance called oxygen « ned in 
it. Air is a gas, or rather a mixt f gases, 
and just as we cannot see the coa which 
we burn for cooking, so we can ee the 
gases which make up air. We . 't feel, 
taste or touch air, but we can fe« effect 
of it when it rushes past us as We | 
can smell coal gas, but we cannot ll air. 

The gas oxygen which is conta in air 
is necessary to all living things, nearly 
all of them extract it from a Fresh, 
running water contains a certain «mount 
of air, and therefore of oxygen olved 
in it. 

When a fish opens and shuts its mouth, 
and the plates at the sides of th ad, it 
gulps in water, but instead of being sw !lowed, 

the water pa out 
through slits in the 
throat, which are covered 
by plates of hardened 


skin called gill plates or 
opercula (singular=oper- 
lí culum), Fig. 59. 

It will be seen that for an 
instant the fish's mouth and 
the opercula are closed at 
the same time, and thus 
the mouth cavity, full of 
water, is completely closed. 
The pressure of the water 
inside is then sufficiently 
great to force it through 
the slits. 


BIGTROGOGYGSDUNSIIDECSENDIORZSCHOOL 


2. The mouth of a fish.—In order to 
understand what takes place inside the 
mouth, obtain enough herrings for the 
children to share them. Cut away the oper- 
culum from one side of the head, Fig. 60. It 
will then be seen that a number of bright 
red fringes occupy the cavity. They are 
made of delicate, soft skin, filled with blood 
contained in hairlike blood vessels. Now 
red blood has the power of being able to 
take up oxygen. As the water is forced 
through the slits between these fringes, 
which are called gills, the blood in them 
takes up the dissolved oxygen and then 


Fic, 60. 
WITH GILL PLATE CUT AWAY 


flows through the body, carrying the oxygen 
wherever it is needed. It has been found 
that the blood flowing through the gills also 
gives up what for the moment we may call 
bad air, which has been collected as it 
flowed through the body before reaching 
the gills. 

It will be noticed that the gill fringes or 
rays are on the outer side of a thin bony arch, 
while on the inner side there are stiff spikes, 
called rakes. These act as a sieve to prevent 
food from escaping between the gill slits, 
so that only water runs out. If goldfish are 
fed on small live worms it will often be seen 
that they manage to wriggle out by the gill 
plate, or operculum, in spite of the presence 
of rakes. 
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3. Air content of water.—In order to show 
that water really does contain dissolved air, 
or at least some gas, a hard glass boiling tube 
2in. in diameter should be fitted with a 
rubber stopper with one hole, in which a 
glass tube is tightly fixed and the whole 
apparatus filled with water. This may be 
held by means of a test tube holder, or 
clamped on to a retort stand. The free end 
of the tube should pass into a test tube 
filled with water, inverted in water as shown 
in Fig. 61. If the boiling tube is heated, the 
air in the water will be driven along the tube 
and will collect at the top of the test tube. 


gill rays 
bony gill arch 


HERRING—SIDE VIEW OF HEAD, 


Note.—The bent tube used should have a 
rubber connection in the middle. This can 
be disconnected as soon as heating is stopped. 
Hold the test tube in the right hand with 
its mouth still under water while the tube is 
disconnected and slipped out; then press 
the ball of the right thumb over the opening 
and lift the test tube out, still inverted, to 
show the class that a small quantity of gas 
has collected. State that chemists have 
proved this to be air. 


4. Breathing of tadpoles and frogs.— 
Fishes, then, are able to breathe under water; 
they extract oxygen from the air dissolved 
in it. In watching tadpoles, both in the 
previous year and this term, it will have been 
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noticed that for about two 
months they live entirely under 
water and never come to the 
surface, so evidently they too 
must breathe under water. This 
would apply also to any water 
creatures which the children 
have kept, if they are never seen 
to come to the surface; e.g., the 
little red bloodworms. 

If we look at tadpoles shortly 
after they are hatched, we notice 
little tufts of skin on either side 
of the head. These are also gills 
and, though not quite like those 
of a fish, they too are able to 
take up oxygen from water. 

Later gill slits break through 
the throat region, and the 
tadpole breathes like a fish, by 
gulping in water which passes out 


Fic. 61. Apparatus FOR SHOWING THAT WATER 


CONTAINS OXYGEN 


a. Boiling tube, b. Bunsen burner. c. Retort stand, d. Bent glass tul e, Rubber 
over the gill slits, so that oxygen tubing connection, f. Test tube filled with water, g. Glass trough of water. 
is extracted. Instead of having two opercular Remind the children that when they 
plates like a fish, a tadpole has one oper- looked at the inside of a frog, a large blood 
culum which grows as a fold of skin back vessel was noticed spreading over the inside 
over the gill slits and is closed except for a of the skin at each side of the body. Here 
spout which can be seen projecting slightly again, the blood is concerned with carrying 
on the left side. oxygen, and just as the gills, which are the 

As the tadpole approaches the time when breathing organs of a fish, contain red 
it will change into a frog, as the children blood, so must the skin, by means of which 
will have noticed in the previous year, it the frog breathes. Note also that the 


begins to come to the surface to swallow air. 
It is changing its way of breathing. Gradually 
it gives up using its gills, and they shrivel 
away. It is now filling with air two sacs 
inside its body. These are called lungs. 

If a frog is watched, a constant pulsating 
movement of the throat may be noticed. 
The frog is drawing air through its nostrils 
and swallowing it. The air passes into the 
lungs. It is found that frogs also use their 
Skin for breathing. This is why the skin of 
a frog must always be kept moist: it could 
not breathe through a dry skin. Note that 
this is true for many creatures living in 
damp places. Earthworms breathe through 
the skin and snails take air into the large 
first coil of the shell, and both need a moist 


.atmosphere for breathing. 


earthworm, which may go deep down in 
the earth, and the bloodworm (if it has been 
seen), which lives in the mud at the bottom 
of ponds, ditches and water butts, where 
there is not much oxygen, have red blood 
to help them in breathing. 

Experiment .—It can easily be proved 
that tadpoles need air in the water by 
placing them in boiled water, from which, 
as has been shown, all air has been driven 
out. They can live only a very short time. 


PRACTICAL WORK 


l. In addition to watching goldfish and 
making notes on the movements connected 
with breathing, let the children draw the 
head to show the operculum. Note that at 
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the free edge there is a very thin membrane, 
which adheres closely and so is effective in 
closing the opening. 
2. Let the children sketch the head of a 
herring with the operculum removed, to 
show the position of the gills. They can see 
the rays, rakes and gill arch. Then let 
them cut out a complete gill and examine 
it more closely. Note the hinges which enable 
1e bones of the arch to moye—necessary in 
opening the mouth—and the copious supply 
of blood and delicacy of the rays. 
8. Draw tadpoles at different stages to 
iow the first (external) gills, and later, the 
j»percular gills, and the stage when the gill 
pouch (operculum) has completely sur- 
rounded them, and the spout can be seen. 
4. Watch for the older tadpoles beginning 
to come to the surface to breathe. Watch 
newts, too, if. they are available. A small 
bubble of gas escapes at the surface just 
before the gulp of fresh air is taken. 


c 
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LESSON UNIT II—BREATHING IN MAN: 
USE OF OXYGEN TO THE BODY 


Introduction.—We have noted that fresh 
air is necessary to animals because of the 
oxygen in it, and that fishes, tadpoles and 
frogs, as well as the lower animals such as 
earthworms and snails, have some means of 
taking oxygen out of the air and absorbing 
it into their bodies—usually into the blood. 
Further, the children have been told that 
air is taken into a pair of sacs called lungs 
in the frog, and they have seen the lungs in 
the dissected frog. 


Development—1. How mammals breathe. 
—In the case of the frog, air is gulped down 
and the lungs become inflated, just as they 
did in the dead frog when the teacher 
inflated them with a blow pipe. Now in the 
mammals, which include man, there is a 
special means of filling the lungs. The body 
cavity is divided into a lower part, the 
abdomen, and an upper part, the chest or 
thorax, by a sheet of muscle called the 
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diaphragm. Above this lie the heart and 
lungs, and they, with the oesophagus (leading 
to the stomach), the windpipe and the bases 
of the important blood vessels, fill the 
cavity completely, Fig. 62. The lungs are 


POSITION OF LUNGS 
AND DIAPHRAGM IN Man 


Fic. 62. 


enclosed in a skin or membrane, the pleura, 
which adheres closely to the chest wall and 
to the lungs. The diaphragm is slightly 
dome-shaped; that is, it bulges upwards 
into the chest cavity. When it contracts, 
as all muscle can do, it is flattened out and 
thus the chest cavity is enlarged. The lungs, 
since they adhere to the wall, enlarge with 
the chest, and air rushes in to fill the extra 
space. This is called inspiration. 

As the muscular diaphragm relaxes again 
it resumes its normal position and the 
thoracic cavity becomes smaller. The lungs 
are pressed upon by its wall and their 
cavities too are reduced, and in this way 
air is forced out. This is called expiration. 

The ribs support the thoracic cavity, and 
as the diaphragm contracts the ribs are at 
the same time both slightly raised and 
moved outwards, enlarging the chest cavity 
still further. This movement can be both 
watched and felt in a dog lying on its side. 
During deep breathing, these movements 
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92 
can be increased and the lungs more com- 
pletely filled with air. It is also possible to 
force out more air in expiration by con- 
tracting the abdomen. 

Let the children breathe deeply and feel 
these movements of ribs and abdomen as 
they make a deep inspiration and then a 
forced expiration. 

The inside of a lung is rather like a sponge, 
made up of number of tiny spaces, sur- 
rounded by thin walls which contain 
numerous small blood vessels. (Remind the 
class of the pinkish colour of a frog’s lungs, 
due to the blood.) All the small spaces give 
a very large surface of skin for absorbing 
oxygen. 

It is important that the lungs shall be 
well protected and kept moist, hence their 
deeply hidden position in the bony cage of 
the ribs, backbone and breastbone is valuable. 
The air reaches them through the nose, by 
means of a tube (the windpipe), which 
starts behind the nose (the pharynx) and 
passes down the neck in front of the aliment- 
ary canal. In the region of the collar bone 
in man it divides into two main branches 
to enter each lung, and these branches divide 
again and again until every little space 
(alveolus) of the lungs can be reached by 
the air current as it is drawn in. The blood 
in the walls of the alveoli then takes up 
oxygen, as in the gills of fishes, and carries 
it to all parts. At the same time an unwanted 
gas is passed out. 

Since it might be possible to pass food into 
the windpipe instead of down its proper 
path, a lid is closed over the entrance to 
the windpipe when swallowing takes place. 

As air passes through the nose it is 
warmed, cleansed and moistened. 


2. Model to show how lungs work.—Make 
a model to show how lungs work (Fig. 63), 
using either a sheet of thin but strong india- 
rubber—it must be very supple—or a piece 
of sheep’s bladder which has been soaked in 
water to keep it pliable. If bladder is used 
it must first of all be scraped and wiped as 
clean as possible. Rubber is perhaps more 
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convenient. Pinch up a small piece in the 
centre and tie a thread to it. 
Now take a bell jar with a rim at th 


wer 
edge, to represent the thoracic cavity, and 
tie the sheet of rubber or bladder securely 
over this rim, to represent a diaphragm, 
The thread should hang down. 

Take a rubber stopper which will {it the 
neck of the jar, with one or two holes through 
it, and fit a glass tube tightly into the hole 
or holes. To the lower edge of each tube 
attach a toy balloon, which must ery 
tightly. Press the stopper firmly i the 
neck of the bell jar. The balloons ri ent 
lungs. 

If the thread is now pulled downwards, as 
if the diaphragm were being contracied, it 
enlarges the cavity inside the jar the 
cavity is closed, but the balloons ar: con- 
nection with the outer air, air will b cked 


into them and they will expand quite 
appreciably. This is quite a sat 


tory 
demonstration of the principle in: | in 
filling the lungs. 

3. Use of oxygen to the body.—\V~ have 
now to consider why oxygen is nec y to 
the body, and therefore why we must breathe. 

We have already said that food is built 
up into the substance of the body, and that 
whenever we move or perform work (which 
means moving a mass—ourselves or part of 
ourselves, or anything else) we use up some 
of that substance to provide the energy. 
We compared this with what happens in 
a petrol engine, for when it works the petrol 


is ignited to provide energy. Most people 
know that for this to take place air must 


-be mixed with the petrol. It is the oxygen 


in the air which is really needed. An electric 
spark “fires” the petrol in the presence of 
oxygen, and turns it to gas, which escapes 
through a valve and in so doing drives a 
piston. The energy set free drives the piston, 
which in turn, since it is attached to the shaft 
or axle of a wheel, turns the wheel. 

In a comparable way, in the presence of 
oxygen our muscles set free energy which 
drives the arm or leg and so moves it. Just 
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as any kind of fuel, a coal or wood fire, oil, 
coal gas, or petrol can be ignited if oxygen 
is present, so our tissues are slowly burnt 
away and as they burn they give up energy— 
kinetic or movement energy, and heat. They 
do not, of course, give light, merely because 
they are not burning sufficiently fiercely. 


We now see the importance of the oxygen ` 


we breathe in enabling us to move and work. 
It is also needed by the brain for mental 
processes. 


LESSON UNIT III—DEVELOPMENT 
OF A CHICK 


This might either be taken in the second 
year, in connection with the functions by 
which life is maintained, or in the third year, 
in connection with the study of birds. In 
either case it could be dealt with only very 
briefly, from the point of view of the need 
for the same functions during embryonic 
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life. Great detail of structure would be out 
of place and have little meaning. 


Introduction—Consider what will be the 
needs of all very young animals, and then 
see how they are provided for in the develop- 
ment of a chick from the egg. 

Safety from attack, air, food, warmth and 
a certain amount of moisture are needed, as 
well as safety from shock, concussion and 
pressure. 

The habit of birds of placing their eggs in a 
secluded or inaccessible nest makes for safety; 
the hard shell is a protection against pressure 
and undue evaporation of water; the mother’s 
habit of sitting on the eggs (incubation) keeps 
them at an even temperature equal to her 
body heat, and as she frequently turns them 
the warmth is evenly distributed. The shape 
of the eggs, broad at one end and pointed at 
the other, prevents them from rolling and 
so falling out of the nest, as well as filling 
the whole space with no gaps between. s 
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In order to understand how feeding and 
breathing proceed, it is necessary to open and 
examine an egg, and also to see several stages 
—at least two—in the development of the 
chick. A newly laid egg, one that has been 
incubated for three or four days, and one 
that is about half-way through its develop- 
ment, should be obtained. 
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Development—1. Early stages and feeding. 
—Stand a new laid egg in a small dish, deep 
enough to support it slightly. With a pair 
of fine dissecting scissors snip off half the 
shell from end to end, Fig. 64. The egg can 
be passed round for the class to look at, and 
the following points should be noted: 

The large round yolk is the true egg. It 
is enclosed in a very thin membrane, easily 
broken when an egg shell is opened. On the 
upper surface is an opaque white spot. This 
is the part which will develop into the chick, 
the germ or blastoderm. It has already begun 
to develop before the egg is laid, and consists 
of a plate of cells, but exposure to cool air 
stops development, which proceeds again 
only when the hen begins to sit on the eggs. 
This is important, as in fowls and many 
other birds it takes several days to lay the 
whole clutch and it would be very awkward 
if there were both young birds and eggs in 


_the nest at the same time. Yolk and blasto- 


derm together constitute the egg. 

This is suspended by a twisted rope of 
white” or albumen to the ends of the shell, 
and swings freely in a water bath of albumen, 
a provision for keeping the egg from being 
injured by pressure or shock, Quite late in 
development the albumen is absorbed, but 
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the yolk is the main food of the chi k, which 
absorbs it from the very first, th: ugh the 
underside of the blastoderm. Th vhole is 
enclosed by the hard, protective shell, com- 
posed of lime secreted by the wall of the egg 
passage or oviduct. Both this and the 
albumen are laid on as the e; lescends 
with a slow, spinning motion. 

When incubation starts, development of 
the blastoderm at once continues. The germ 
spreads over the yolk, forming a thin, flat 
plate, while in the middle a thickened ridge 
rises up, having its sides folded d wnwards 
and head and tail end tucked under, to form 
the body of the embryo. By the second day 
there is a well-marked brain, the spinal cord 
and vertebrae are marked out, and the ieart 
can be seen beating. Spreading out over the 
yolk to the edge of the blastoderm fine red 
blood vessels can be seen, connected with the 
heart. The yolk is being actively absorbed 
into these vessels and carried to the body. 
The underside of the animal, still spread out 
flat over the yolk, is later closed to make the 
alimentary canal, which is connected through 
an opening with the yolk almost until the 
young bird is ready to hatch. Compare this 
with what was described in the young fish, 


where the yolk sac hangs down from the 
underside, 

In order to show this stage, with the heart 
beating, the brain and the blood vessels 
developing, it will be necessary to transfer 
the three or four days’ old egg straight from 
an incubator or nest to water of the same 
temperature, which must be taken at the 
time. It is convenient to use a small enamel 
pie dish and to place this over a very low 
Bunsen burner, with an asbestos mat or 
sand bath between and a thermometer to 
make sure that the temperature is constant. 
If the egg is wrapped in warmed flannel and 
transferred quickly, the chick will live for 
an hour or two. Having placed the egg in 
position, carefully chip off the upper half 
of the shell and let the children examine the 
embryo. It is well worth while to take this 
trouble for the interest of seeing the living 
chick with its beating heart. 
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2. Breathing and develop- 
ment.—In addition to feeding, 
the chick must breathe and 
get rid of waste material. The 
egg shell is porous, and though 
it is lined with a very delicate 
skin it allows air to enter, A 
special membrane or sac, called 
the allantois, grows out from 
the hinder region of the chick 
and, spreading out, not only 
surrounds the embryo but also 
forms a complete lining to 
the shell. This sac is the 
breathing organ, for it is able 
'to absorb oxygen through the 
shell and transfer it to the embryo. It is 
thus a very important feature. It is also 
concerned with the removal of waste 
matter, which is said to accumulate in its 
cavity. 

At a somewhat earlier stage another out- 
growth forms a sac close round the embryo, 
which becomes filled with liquid and so 
takes the place of the albumen as a water 
cushion. This is called the amnion. If a 
three-day chick is examined (Fig. 65), these 
sacs can just be seen beginning to grow, 
looking like small bubbles. In the half- 
grown chick these membranes can be seen 
completely enclosing it. 

The details of development need not be 
entered into. When the body of the embryo 
is quite distinct, it leans over and lies on 
its side, while head and tail ends curve down 
until they meet, and in this coiled position 
the chick grows until it entirely fills the shell. 
Meanwhile, limbs grow, the wings at first 
resembling arms with fingers, but soon one 


air-chamber--, 


SENIOR SCHOOL 95 
amnion _ embryo 
eod vessels 
yolk 


allantois 


Cuick THREE Days OLD 


Fic. 65. 


finger grows longer than the rest to form the 
bone which will support feathers, and fusion 
takes place so that eventually there is only 
one distinct digit. Beak, eyes, feathers are 
formed—the down feathers of the chick. 
Some birds are, of course, hatched naked, 
but those which must run about and peck 
food at once usually have nestling down. 

By the twenty-first day the chick is ready 
to emerge. A curious little knob on the 
end of its beak is used to break through the 
shell, after which it struggles and quickly 
frees itself from the remainder. Before 
emerging it takes a deep breath of air from 
a small space lying between the membranes 
and the shell, at the blunt end of the egg, 
and this seems to give it strength to make 
its way out. 

Before the children look at the demonstra- 
tion specimens, it would be a good plan to 
explain these points, making large blackboard 
diagrams from the drawings accompanying 
this description. 
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Thus a chain of air bubbles is kept moving 
down the lower tube. The flow is regulated 
by the pinchcock on the rubber connection. 
A bed of clean sand and some rooted pond- 
weed should be provided, and the tank 
shaded. The animals may be fed on small 
pieces of raw meat or fish, tadpoles, and pond 
snails, which they tear out of the shells 
with their large claws. 

Crayfish offer a good example of the 
Crustacea, large enough for both structure 
and habits to be easily noticed. Special 
interest is attached to their method of 
breathing, as they use gills which are entirely 
different in origin and position from those 


of fishes and yet, like all gills, they are 
folded membranes thin enough to absorb 
oxygen dissolved in the water. 


Introduction.—Crayfish (Fig. 68) are found 
in slow rivers and streams, spending most 
of their time in holes in the banks or under 
ledges, lying on the bed of the stream and 
seizing small animals passing by or brought 
by the current. Their dark colour makes 
them difficult to see in the shadows in which 
they live. Though they can live for some 
time out of water, they are essentially water 
dwellers and must breathe under water. 

They belong to the invertebrates, Phylum 
Arthropods, Class Crustacea, so they have 
the characteristic features of jointed body 
and limbs, horny skin—in this case further 
hardened with lime—and limbs, or append- 
ages, on every joint. 

There is a general structural resemblance 
to insects in the jointed body divided into 
distinct regions, but whereas in insects a 
distinct head, thorax and abdomen can be 
seen, in the crayfish the head and thorax 
are united and covered by a large shield or 
carapace on the dorsal surface, made from 
the fused plates and hardened by lime. The 
carapace extends downwards, enclosing a 
large space on each side which serves to 
contain the breathing organs. 

The abdomen consists of seven joints, all 
except the last bearing appendages. 


Development.—As it will hardly be possible 
for a whole class to see the crayfish at once, it 
will be well to give the children some points 
to look for and then to let them examine 
the specimens available in small groups 
or individually, making notes and sketches, 
while the rest of the children are occupied 
with other things. Pond mussels, described 
in the next lesson unit, can be obtained 
and examined conveniently by other groups 
working at the same time and interchanged, 
while at the beginning of the summer term 
it is usually possible to obtain other members 
of the Crustacea living in fresh water; e.g., 
the fresh water shrimp (Gammarus), the 
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water slater (Asellus), the water flea 
(Daphnia), which can be watched with a 
lens. It is exceptional for crustacea to 
live as land animals, breathing atmospheric- 
ly, but the common woodlice are an 
example of this habit and might be studied. 
Dead prawns or shrimps from a fishmonger 
also convenient to examine in order to 
. understand the structure of crustacea. It 
= Às a good plan for each. pupil to examine one 
. carefully, removing all the appendages and 
. . mounting them, then showing by sketches 
_ their typical features, 
The main points to notice in the habits 
the crayfish are as follows: 


= L. Feeding. —AIl sorts of living and dead 
mimals found in the water are seized by 
he pincers of the large strong claws, torn 
nto pieces, then passed forward to the 
small appendages—half jaw, half foot in 
structure, having a cutting inner edge, and 
the jaws, which shred the food into 
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superimposed, as in the cockroach, 
surround the mouth. 


and 


2. Movement.—Slow crawling is performed 
by the four pairs of thoracic legs behind the 
claws, while the abdomen is supported by 
five pairs of small swimmerets, which beat 
the water rapidly like a double row of 
minute oars rowing a flat boat. Each 
swimmeret is forked. These are much larger 
in prawns and shrimps, in proportion, and 
are their means of swimming, 

Rapid movement is due to a sudden, 
violent. doubling of the abdomen, which 
ends in a broad, flat tail-fan. This presses 
suddenly against the water, and the effect 
is to jerk the body forcibly backwards. 
Watching an enemy closely, the animal 
can by this movement enter its hole “in 
reverse" and so take shelter. The tail-fan 
consists of the last segment, or telson, 
together with a pair of broad, flat appendages 


belonging to the segment in front—the 
sixth abdominal. 
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Most of the larger crustacea fight fiercely, 
and frequently tear off one another's limbs. 
In this connection there is an interesting 
structural point, though it cannot be seen. 
Each joint is almost closed by a thin plate 
continuous except for a small hole through 
which blood can pass. If part of the limb 
is torn off, the exposed opening is closed and 
therefore no bleeding takes place (compare 
again the condition in a tree, when leaf fall 
occurs). In time a new joint grows to replace 
whatever has been lost. 

Note that there are far more appendages 
than in insects, which have only three 
thoracic pairs of legs and none on the 
abdomen. 


8. Breathing.—It is not possible to see the 
actual movements taking place in breathing, 
but if a little pure powdered carmine is 
squirted into the water under the edge of the 
thorax by means of a small tube, in a few 
moments two thin red streams will be seen 
to emerge near the front border, just under 
the head. This is due to the action of two 
little scoops or spoons attached to the 
third pair of jaws. They lie inside the two 
breathing chambers under the carapace, and 
bale out water in a regular, continuous 
movement. 

This causes water to pass forward through 
the chamber, bathing rows of featherlike 
gills attached to the wall of the thorax and 
to the top of the legs, and thus.enables them 
to extract dissolved oxygen from a constantly 
fresh supply. 


4. Senses. — Nothing can actually be 
observed except that the long jointed 
antennae and short antennules move as if 
they were sensitive to touch, while if a little 
stale, strong-smelling fish is dropped near 
them they exhibit tremors of awareness 
and excitement. It has been ascertained, 
however, that both the organs of smell and 
hearing are situated in the antennules. The 
eyes are prominent, on short stalks, and 
elaborate in structure, having many small 
lenses so that the image thrown on to them 


is built up like a mosaic. It is thought that 
the image is dimmer and less sharp than 
in ourselves. 


5. Growth and reproduction.—The eggs of 
crayfish are contained in brood pouches 
under the abdomen, attached to the bases 
of the swimmerets of the mother, and are 
popularly known as the "coral" in crabs 
and lobsters. They are about the size of 
lead shot and contain red yolk. The abdomen 
of the female is much, broader than that in 
the male. As in the majority of animals, 
before the eggs can develop they must be 
fertilised by the sperm, or reproductive cells 
of the male. These are placed amongst the 
eggs by the male as soon as they are 
deposited. After this, the eggs remain in 
the brood pouch until they are fully de- 
veloped, though minute, when they are set 
free in the water. 

As in the case of all arthropods, growth is 
limited by the hard skin. This difficulty is 
solved by periodically shedding the skin, 
several times in the first two years, later 
only twice a year. The new skin underneath 
is soft and capable of being stretched, and 
at this time growth can take place. Most 
crustacea hide in some secluded crevice 
while this process of shedding the skin, 
called ecdysis, takes place. This, of course, 
is similar to the habit of insects. An interest- 
ing feature is that with the hard skin the 
animal also sheds a considerable amount of 
waste matter which has been deposited in 
it, much as trees deposit waste matter in 
the heart wood. The crayfish has, however, 
a pair of “kidneys” situated in the head and 
opening at the base of the second antennae. 
This is the so-called “green gland” which is 
always removed in dressing a crab for 
table. 


PRACTICAL WORK 


1. Watch the animal moving and feeding, 
and note the response made by antennae 
and antennules to touch and to the presence 
of food. Carry out the experiment with 
carmine. Try to get the animal to “swim” 


ackwards by beating the water in front of 
t or blowing with bellows or a bicycle pump. 
Make notes and sketches illustrating these 
ints in its behaviour. 
= 2. Examine a dead prawn and sketch the 
main types of appendages, comparing them 
vith those of a crayfish. If opportunity 

occurs in the summer holidays, watch 
. prawns or shrimps in sea-shore pools or 
shallow sea. Note the way in which the 
long antennae are used. Examine dead 
shore crabs and watch living ones also. 

8. The teacher might obtain a crab or 
__ lobster from a fishmonger, and mount a com- 
_ plete series of appendages (Fig. 69) which, 
B if carefully dried, will keep indefinitely. 

- These should be carefully labelled for 
. reference and kept in the school museum. 
Without expecting the class to learn by rote 
the numbers and character of the appendages 
on each segment, it may be pointed out that 


MANDIBLE. 


PRACTICE FOR SENIORS 


the three smallest pairs of mouth appendages 


SWIMMERETTE 
feathered with 
bristles form a 
small oar 


TAIL FIN 


Fic. 69. APPENDAGES OF CRAYFISH 


correspond to those of insects, while the jaw 


feet are typical of crustacea. 


The gills might also be examined while 


pulled © 
ft but 7 


fresh. If a thoracic leg is carefull, 
out, the gill comes with it. It is 
firm and compact, cream in colour, 


with 
lateral branches on a main axis, 


LESSON UNIT II—POND MUSSELS 


These may be obtained from a dealer. A 
list of dealers who supply biological materials 
is given in Appendix V. 


Introduction.—Pond mussels are found in 
similar situations to crayfish. They bury 
themselves in mud at the bottom of treams, 
but in an aquarium may be given sand, 
They usually take up an oblique position 
with the front end downwards—there is no 
head—and the hind end projecting, 
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The swan mussel is the commonest British 
form. It belongs to the phylum of molluscs, 
to which also belong the snails and the 
shell-less cuttlefish and octopuses. In the 
whole of this group the soft body is wrapped 
in a fold of skin, called the mantle. When, 
as in most cases, a shell is present, the mantle 
forms a lining and lies close to the shell. In 
the snails it forms the breathing membrane 
which, lines the air chamber. The shell gland, 
which makes the shell, lies in the mantle. 


Development—1. External appearance.— 
As in the previous lessons, it is best to let 
the children in small groups examine living 
pond mussels, suggesting points they shall 
look for. Having noticed the position of the 
mussel, look closely at the exposed end. 
On the upper margin the mantle may be seen 
protruding, forming two shallow funnels 
slightly fringed at the edge. This is due to 
the two lobes lining the shell being joined 
together along their edges except just in 
this position. Now take a little finely 
powdered carmine in a small glass tube, 
with a bulb attached, and squirt it close 
to the two openings. It will be seen to be 
drawn into the lower, wider tube, and a few 
seconds later a red stream will emerge from 
the upper one, showing that there is some 
circulation of water through them. The 
lower tube is called the inhalent and the upper 
tube the exhalent. 

Actually, it is found, the water which 
enters the inhalent passes between the two 
lobes of the mantle, bathing all the lower 
part of the body and carrying with it both 
microscopic organisms, which serve as food, 
and oxygen which can be utilised in 
breathing. 


2. Shell and maníle.—Gently draw the 
mussel out of the sand and placing it in 
clear water examine the shell. It may be 
5in. or 6in. long if full grown, rounded in 
front, gradually widening to beyond the 
middle, and then narrowing to a blunt end, 
to which the lower edge slopes upwards like 
the keel of a boat. As the valves of the 
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shell are flattened from side to side, the whole 
appearance is rather boatshaped. Along the 
upper edge, the two valves of the shell are 
hinged together and held by a tough connect- 
ing ligament. 

As soon as the animal is touched, the shell 
valves snap together and are kept tightly 
closed by two muscles extending between 
them, one at each end, but when the animal 
is embedded in the sand it is held in position 
by a thick, muscular projection at the 
anterior end, called the foot and correspond- 
ing to the foot of a snail, Plate XVIII, 
Fig. r. With this it can dig itself in. 

Nothing more can be seen without opening 
the shell, so at least one should be opened 
and passed round, and afterwards there 
should be an opportunity of identifying the 
main parts and sketching them. A class 
diagram would be useful here. 

To open the shell, the teacher should first 
insert something to keep the valves, which 
are normally slightly separated, from closing. 
The wooden wedges used for rattling windows 
are useful. Then insert a sharp penknife 
carefully between the one valve (Plate 
XVIII, Fig. 2) and the mantle until it meets 
with the resistance of the anterior muscle, 
and cut through this. Then cut through the 
posterior muscle, when the valve can be 
lifted up and pressed back. If care has been 
used, the uninjured mantle is now exposed, 
soft and of a delicate flesh colour, Plate 
XVIII, Fig. 3. 

Examine the valve first. The outside is 
striated by lines which show how the shell 
has grown, by uneven layers, from a point 
called the umbo at the anterior end; but the 
inside is perfectly smooth except for the 
marks of attachment of muscles and mantle, 
as it is covered with a smooth deposit of 
pearl. The outside is horny, and the middle 
layer consists of lime. The horny layer 
protects the lime from the dissolving action 
of water containing carbon dioxide. 

Some kinds of fresh-water mussel produce 
valuable pearls. These are due to a secretion 
formed when some irritating object, such 
as a particle of sand, finds its way in and 
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presses on the soft body. The smooth pearly 
secretion is a means of protecting the animal 
by enclosing the foreign body. 


3. Breathing and gills—Now draw back 
the mantle lobe, Plate XVIII, Fig. 4. This 
reveals the main organs. The blunt triangular 
foot projects at the front end, between large, 
rounded flaps which occupy almost the 
entire space. These are the gills, by which 
breathing is carried on. As mentioned 
before, water is drawn in by the inhalent, 
and as it circulates round the body, whipped 
along by delicate threads which cover the 
gills, it passes over and between the gills, 
which can then extract oxygen and give up 
at the same time an accumulation of the 
waste gas carbon dioxide, which in all 
animals results from the activities carried on 
in the body. 

If the gills are examined with a lens, it 
can be seen that they consist of a complicated 
crisscross arrangement of bars, so that they 
appear furrowed and spongy. They can be 
lifted with a seeker or blunt skewer to see their 
arrangement, two on either side of the foot. 
It is interesting to notice again, in an 
animal quite unrelated to those previously 
studied, the nature of the apparatus for 
breathing under water—delicate skin, folded 
to give a very large surface, so that water, 
and therefore oxygen, can penetrate as 
completely as possible. 


4. Feeding. — Just in front of the gills lies 
the mouth, which can be found With a seeker, 
lying between soft, fleshy upper and lower lips 
—probably capable of tasting and to some 
extent selecting food, As microscopic organ- 
isms are brought in by the current of water, 
they can be drawn into the mouth and then 
digested. By Separating the gills and 


-. Passing the seeker onwards through the 


mouth, the visceral mass, consisting of 
stomach 4nd a large digestive gland, may be 
found, The ‘test of the food canal consists 
= Of an intestine Which is difficult to follow 

- as it takes a copYse through the heart and 
into the foot to op en to the exterior, 
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Not only does the circulatory ; urrent carry 
food, oxygen and waste carbon dioxide, but 


other waste substances from tho ody are 
washed away by it through the ex ialent, 

5. Comparison with hydra.— 7: i interesting 
to compare the life and structure he pond 
mussel with that of the tiny hydra already 
studied. Both live a sedentary life. at taching 
themselves to one spot and n ving only 
rarely and very slowly to anotly 30th are 
dependent on their food and « en being 
brought to them in a current of water— 
in fact, they "stand and waii Neither 
has a head, jaw or eyes—onl\ necessary 
when an animal moves in search of its prey 
—though it is possible that in the pond 
mussel these organs have been lost. The 
only active part the mussel takes in obtaining 
food is the entirely automatic | ing of the 
minute threads or cilia, whi ceep the 
current moving, and the same device is 
used in hydra, though this has tentacles as 
well, In both, waste matter is ) carried 
away by the circulatory current of water. 
The difference is that in the much more 
primitive hydra the current is inside the 
body, whereas in the pond mussel it is 
outside, though inside the shell and mantle 
fold. 

So we see that this curiously inert animal 
has solved some of its problems in the same 
way as the sedentary hydra, but has pro- 
duced elaborate breathing organs of a type 
resembling in a general way those of the 


Crustacea and fishes, groups which are 
widely different in all other respects, though 
they have in common the problem of how 
to breathe under water, 


6. Reproduction.—Although it is unlikely 
that the young forms will be seen, the life 
history is so interesting that it is worth 
mentioning. Here again, comparison with 
the methods employed by the crayfish is 
interesting. In the pond mussel, the eggs are 
desposited in the outer gills, which therefore 
Serve as brood pouches, protected by the 
shell. Males and females exist, and the 


exhalent.. 


posterior muscle pulling 
two valves together 
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Fig. | POND MUSSEL WITH 
FOOT EMBEDDED IN SAND um 
marks of attachment 


f mantl 
Fig. 2 INSIDE OF ONE VALVE ? "nte 


cut edge of mantle removed to shew gills 
Fig. 3 ONE VALVE REMOVED 


TO SHOW MANTLE 


Fig. 4. POND MUSSEL WITH MANTLE REMOVED 
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PULMONARY VEIN ———— -r —— —————4 v f 


ARTERY SUPPLYING HEAD, 
NECK AND PART OF THORAX 7 —— — —, 


VEIN FROM 
é HEAD AND FRONT —— —— 
PART OF BODY 


OPENING OF VEIN FROM 
TRUNK 7 — 


RIGHT AURICLE — — 


SEMILUNAR VALVES =- — —— — 


RIGHT VENTRICLE — — — — 


TRICUSPID VALVE —— — — —— 


CUT SURFACE OF 
RIGHT VENTRICLE — ——— —— — —— — 


Fic. 71. SuEEP'S HEART, FROM VENTRAL SURFACE 3 


The ventral walls of both auricles and ventricles have been removed to show the cavities within 
The pulmonary arch bas been cut open. 


blood through the auricles into the ventricles, 
and thence out, 

Having identified the four chambers, look 
for the strong white walls of the arteries, 
Which leave the ventricles at their front 
border. The artery leaving the left ventricle 
is the aorta. This carries purified blood to 
the body, dividing into a number of important 
vessels, some of which go forwards to the 
head and neck, and others backwards to the 
trunk, viscera and legs. They divide into 
smaller and smaller branches, until at last 
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they areas fine as hairs. These vessels, in the $ 
skin and extremities, are called capillaries. 

The arteries carry blood containing oxygen, 
for it has come to the left ventricle, through $ 
the left auricle, straight from the lungs, where 
-all the carbon dioxide it contained was 
discharged and oxygen taken in. In this way 
all parts of the body receive oxygen. The 
blood is also carrying food. 

Having given up food and oxygen, the 
blood flows into other capillaries, which, are 
Sathered together to form the veins, and 
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so flows again to the heart. Here it enters 
the right auricle and, passing downwards as 
the muscular wall of the heart contracts, it 
enters the right ventricle and thence is 
forced into the pulmonary artery which 
takes it to the lungs, 

Identify the aorta and the pulmonary 
artery leaving the left and right ventricles 
respectively and the large veins entering the 
auricles at the back. The veins are thin- 
walled and collapse when empty. 


LESSON UNIT IV—EXCRETION 


Introduction.—We have now considered 
almost all the important functions or 
activities of living animals which enable 
them to grow and reproduce. We have seen 
that energy is required for all activities, 
especially for movement which enables 
animals to obtain food, and that this is set 
free by oxygen from the tissues where it is 
stored. Growth is due to there being an 
excess of energy over what is required for daily 
needs, so that the tissues store it; that is, 
food is built up into tissues which are not all 
used up again for energy. When the animal 
has reached a certain size and condition of 
maturity, it uses up its surplus energy by 
producing offspring. The same is true of 
plants. 


Development—1. Animals.—Now in the 
process of setting free energy, certain 
substances are produced which cannot be 
used, but if they remain in the body they 
would interfere with its activity—in other 
words, act as poisons. We call these sub- 
stances waste products. Even if they could 
be stored they would make the animal 
unduly bulky and so tend to interfere with 
movement. 

However, most animals have some means 
of ejecting such waste substances. The lowly 
amoeba has what is called a contractile or 
pulsating vacuole, noticed when it was 
examined, which collects waste liquid and, 
bursting like a bubble, throws it out into 
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the water. Earthworms have a series of 
coiled tubes opening to the exterior by small 
pores on the sides of each segment. The 
green gland in the head of the crayfish has 
been referred to, and the allantois of the 
developing chick, while in hydra the water 
swirling round inside the body cavity washes 
out all waste matter. 

This waste matter is chiefly of two kinds, 
the gas carbon dioxide and a substance 
called urea, usually passing out as a liquid 
but in birds it is a solid white excrement, 
There are slight quantities of other substances. 

The whole process of ridding the body of 
waste is called excretion. The carbon 
dioxide is taken up by the blood, as previously 
mentioned, and carried to the lungs, where 
it is exhaled during expiration. In earth- 
worms and to some extent in frogs, it escapes 
by the skin, which acts as a breathing 
organ. We see, then, that breathing i$ not 
concerned entirely with obtaining oxygen 
but also with getting rid of this waste gas. 

In all the vertebrates, urea is excreted by 
the kidneys. These are a pair of organs 
(seen in the frog) consisting of complicated 
tubes and blood vessels, Fig. 72. The 
poisonous substance collected by the blood 
passes into these tubes, and is eventually 
carried by a pair of long channels or ducts 
to the bladder. Here it is stored for some 
time and expelled at intervals. There may 
be a separate opening, as in mammals, or 
there may be a common vestibule or cloaca, 
which receives the opening of the food canal 
and reproductive organs as well, as in the 
frog. 

In some animals—e.g., man—the skin 
also takes part in excretion, through 
perspiration. 

An efficient system of getting rid of these 
poisonous substances is absolutely essential 
to healthy life. 


2. Plants.—With plants it is different. 
Since a tree, for instance, remains always in 
one place, additional bulk is unimportant 
so long as the injurious waste substances 
are removed from circulation. Trees, there- ` 


URETER (tube —  — 
draining kidney) 


` FIG. 72. 


ore, store their waste products instead of 
removing them entirely, though they too 
get rid of carbon dioxide, which they breathe 
out. The dark heart wood found in most 
— trees is discoloured by the accumulation 
of solid waste matter which fills the cavities 
of the wood. This accounts for the hardness 
f heart wood. | 

The waste products of plants frequently 
. Serve to protect them from the attack of 
bacteria, moulds and burrowing insects such 
as beetle, moth and sawfly larvae, for they 
are bitter to taste. Notice that trees without 
heart wood are much more frequently 
attacked; e.g, willow (goat moth). 

. . Sometimes the waste products are stored 
in the leaves, making them unpleasant to 
taste, or they may form hard crystals which 
make the foliage hard to touch with the 
tongue. In this way the plant may be 
protected against grazing animals, 

. It is not practicable to give children much 
ctual work to do in connection with 
xeretion. They may be shown a blackboard 
agram of the excretory System of the 
trog and reminded of the position of the 
organs as they saw them in a dissection. 
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SINN 
EUM 
AC NY SS 
SHEEP’s KIDNEY CUT LONGITUDINALLY 
TO SHow GENERAL FEATURES 
Sheep's kidneys may be cut through 
(Fig. 72) so that the main substance, iade 
of narrow tubes, can be seen, and the conical 
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parts, the pyramids, into which these drain 
to be carried away by the duct or ureter. 


LESSON UNIT V—CHIEF ACTIVITIES IN 
THE LIVES OF PLANTS: FOOD 4 


Introduction.—It is commonly accepted 
that plants are living things. Probably if | 
the children are asked why, they will say E 
that plants grow. They may even suggest 
that, as animals do, they produce offspring, 
since plants produce seeds from which new E 
plants grow. If they are asked whether plants 
feel, feed and breathe, as animals do, they 
may be very doubtful. 


Development—1. Feeling.—If by feeling | 
we imply consciousness of surroundings and 
knowledge of what is happening to them, 
then we have no reason to think that plants 
have feeling; at any rate, they do not show | 
any signs that we can recognise. If, however, 
we mean that they are aware, though 
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unconsciously, of external con- 
ditions and capable of responding 
to them, there is no doubt that 
they are both sensitive and irritable. 
As an illustration, experiments 
may be set up which will readily 
show their response to light and the 
presence of water, and that these 
have a directive effect. 

A simple way of investigating the 
directive effect of light is to place 
some seedlings in a dark box which 
excludes light except through a 
narrow slit in one side. 

To see the directive effect of 
watering, wheat or maize seeds 
which have begun to germinate 
may be set in a box on the surface of 
soil which is only slightly damp. Plug 
the bottom of a small porous plant pot 
securely with a new cork and press it into 
the soil at one side of the box, some distance 
away from the seeds; then fill this with 
water. Note the direction in which the 
roots grow, Fig. 73. 

A second method is to plant some seeds in 
a sieve or on muslin or net, placed over a 
jar of water. When they have grown through 
towards the water, remove the water and 
substitute a wet sponge or pad of cotton 
wool on top of the seeds. Note the direction 
of growth of the roots. 

This section of the work can be extended 
to cover all the chief responses of plants to 
external stimuli if desired; e.g., the response 
of roots and stems to gravity, and of all 
organs to light. 


9. Feeding.— With regard to feeding, it is 
at once obvious that plants do not take in 
food by means of mouths, as do animals. 
This is the most notable distinction between 
plants and animals. Yet we know that plants 
take in water. (This was shown in the first 
year, and is common knowledge.) Is pure 
water enough? 

We usually think of plants as growing in 
soil, though seaweeds and some pond plants 


grow in water, without having roots. 
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Fic. 73. 


The roots can be seen growing through the soil towards the water, 


To SHOW DIRECTIVE EFFECT OF WATER 


which is contained in a porous plant pot. 


Seaweeds have holdfasts, but these do not 
absorb anything. Is there anything in the 
soil which helps plants to grow? It is easy to 
find the answer to this question by setting 
some seeds—onion, mustard, wheat—on 
flannel or net over rain water or in sawdust 
or sand kept moist, and others in ordinary 
garden soil, and comparing the results. If 
the plants in soil are better grown and 
healthier after a time, then it looks as if 
there may be something in the soil which 
serves as food. 


3. Experiments on the content of soil 
water.—Shake up a little soil with water, 
filter it and evaporate the water to dryness 
in an evaporating basin. A light powder is 
left in the basin, which can be rubbed off 
with the fingers. Do the same with tap and 
rain water for comparison. Evidently there 
was something in the soil which was soluble 
in water. It is possible that this might serve 
as liquid food for plants, for it is impossible 
for the roots to take in solids. 

As a matter of fact, it has been proved 
that plants do take in, through their roots, 
certain substances dissolved in soil water. 
These come from two sources. There are 
mineral substances which have been dis- 
solved out of the rocks, or the soil particles 
which are rock débris, as the water percolated 
through them, and there are decaying plant 
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and animal substances, or organic remains, 
called humus in the case of plants. Chemists 
have been able to determine what these 
substances are, and it has been found that 
plants select those they need. 


4. Elements required by plants.—Most of 
the substances which enter into the com- 
position of the bodies of plants or animals, 
which we call organic substances, are of a 
complex nature. When these substances 
decay, they are attacked by oxygen and 
reduced to much simpler forms, though 
most of them are still what we call com- 
pounds, Chemists have found out that 
compound substances can be split up into 
simpler forms, until a stage is arrived at 
when no further splitting is possible unless 
the substance itself is dispersed as energy. 
Substances in their simplest form are called 
elements. They may occur in nature; for 
instance, oxygen and sulphur are elements; 
but it is much more usual for them to occur 
as compounds, which have to be split up by 
great heat or other treatment, in order to 
isolate the element, Most metals occur in a 
compound form; for instance, iron oxide or 
iron sulphide, combined with oxygen or 

sulphur. All pure metals are elements. 
The substances which plants obtain from 
soil are compounds, but they have been 
analysed to discover what elements they 
contain. It has been found that the following 
elements must be present in the food of 
healthy plants:—carbon, hydrogen, oxygen, 
nitrogen, sulphur, phosphorus, iron, calcium 
(the basis of lime and chalk), potassium, 
magnesium. 
The means of obtaining carbon will be dealt 
with in the third year's course, as this is a 
Special process. Hydrogen and oxygen are 
the substances which are combined in water, 
and the remaining substances are obtained 
from soil. Tap water will contain a certain 
amount since it is derived from rivers and 
lakes, and the water has poured down 
through and over rocks and soil; hence in 
comparing the growth of plants in soil and 
water, either filtered rain water or distilled 
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water must be used. Rain water has been 
"distilled" by the sun, which causes water 
to evaporate, in a pure form, and it collects 
as clouds, eventually resuming the liquid 
form again as rain. 

It is advisable to make up a solution con- 
taining all the substances which have been 
found necessary for plants, and to grow some 
plants in this, and others in rain water for 
comparison. Do not grow only one plant in 
each as this is not 
accidents may happen. 

Here are two recipes for water culture 
solutions, each containing all the necessary 
elements: 


conclusive; besides, 


(a) Distilled water 
Potassium nitrate 


5 gramm 
Ferrous phosphate 5 
Calcium sulphate 5 
Magnesium carbonate — .25 
(b) Distilled water 50 c.c. 
Potassium phosphate gramme 


5 
I 
Potassium nitrate I 
Calcium nitrate 4 
Magnesium sulphate I 
A nail placed in the water will provide a 
trace of iron, which is all that is re 
Make up 2 or 3 c.c. to 1000 c.c. 
distilled water. 


Note the small quantity of each salt used. 
This point is important in connection with 
the use of artificial fertilisers which, as 
anyone who gardens will notice, are chiefly 
composed of the salts used in these culture 
solutions. 

It would be interesting to use artificial 
manures in the school garden and at the same 
time to make a culture solution containing 
each and note its effect on plants grown in 
water, or in sand which is watered with the 
solution. Different strengths might be used. 
Strong solutions act as poisons. 

To carry out experiments with culture 
solutions, either use sand or place plants in 
wide, straight jars, supported by a split cork 
through which the stem passes, packed with 
a little asbestos to hold it in place. 
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Fic. 74. 


a. Complete. b. No sodium. 


THE 


c, No sulphur. d. No magnesium. 
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e. No phosphorus—note stunted condition, 


f. No iron—the photograph does not show that the plant lacks colour, g. No calcium—scarcely any growth, 


h. No potassium, 


It is interesting to make up, in addition 
to the “standard solution," solutions in 
which each salt in turn is left out, and to 
notice the effect of the omission on growth. 
It will be noticed that plants grown without 
potassium are dwarfed in every respect; 
without nitrogen they are spindly, frail, and 
small though not perhaps dwarfed; while 
without calcium (or lime) they may be fairly 
sturdy-looking, but stunted in height. The 
effect of omissions will be very marked on 
the production of seed. (Fig. 74.) 

Gardeners recognise what has been called 
the "golden tripod" of manures—potash 
(or potassium nitrate), phosphates and 
sulphates—without which their crops cannot 
flourish. Lime is also essential. 


PRACTICAL WORK 


In addition to the laboratory or classroom 
experiments described, it would be valuable 


i. No nitrogen (nitrate). 


to carry out all the experiments possible in 
the garden. 

1. The effect of animal manures, stable 
manure and humus or leaf mould. Besides 
supplying food, these have certain mechanical 
properties that make soil more workable, 
especially by helping to retain water, by 
giving off heat in the early stages of decay 
(hot beds) and by keeping the soil cool when 
well decayed. 

2. The effect of artificial manures on leaf 
development, root and stem growth, seed 
and fruit production, and hence the need 
for discrimination according to the result 
required; for instance, leaf crops, such as 
cabbage and lettuce, require more potash; 
Íruits and seeds, such as beans, require more 
phosphate. If wheat, maize, onions, cabbages 
and dwarf kidney beans are used for experi- 
ment, there is an opportunity of extending the 
study of life histories, which should be 
continued every year. There should be a 


c for da: Siu subdivided for treatment 
with various fertilisers, including the natural 
-oranimal and plant manures, side by side with 
ose mentioned above. Note that calcium 
phosphate, calcium nitrate and calcium 
- sulphate also provide lime, which is essential 
: nearly all plants. Certain plants which 
do not tolerate it are said to be “‘lime-shy;” 
., heaths, rhododendrons, sweet chestnut. 


SON UNIT VI—RESPIRATION OR 
BREATHING IN PLANTS 


= Introduetion.—It is not possible to see 
. movements accompanying the breathing of 
- plants, but it is possible to prove that they 
— — remove oxygen from air and that carbon 
dioxide passes into it, and these are the 
changes which take place in air when animals 
breathe. 

As some attention has been given to the 
mechanism of breathing in animals but so 
far the taking up of oxygen and giving up 
- of carbon dioxide have been assumed without 
any proof being offered, this is a good 
opportunity for seeing something of the 
properties of the gases, oxygen and carbon 


Manganese dioxide 
+ Potassium chlorate 


HARD 


Fic. 76. PREPARATION OF OXYGEN USING 
Grass Test TUBE . 


dioxide, and also showing that in the cas 
of both animals and plants the atmosph 
is affected by their breathing. 


Development—1. Preparation of oxyt 
The gas oxygen (chemical symbol O) 
be obtained by heating a mixture of | 
ganese dioxide and potassium chlorate in a 
perfectly dry, round-bottomed flask not 
one that is flattened at the base. The fask 
is provided with a rubber stopper and bent 
glass tube, and the gas may be drive ff 
and collected in test tubes over wat: i 
number of test tubes may be filled \ 
water and inverted in a trough of wate! 
ready for use. One is slipped over the end 
of the glass tube, and off again when ‘ull 
still under water, but when filled with oxygen 
it must be clamped or held in position or it 
will rise to the surface and the oxygen will 
escape. (Fig. 75.) Children may help b; 
holding the test tubes. 

Heat gently and steadily with a small 
Bunsen flame, holding the burner under the 
flask, which is clamped to a retort stand, and 
moving it about. When a sufficient number of 
test tubes have 
been filled, loosen 
the stopper before 
taking away the 
flame, otherwise 
the cold water 
in the trough will 
rush in as the 
flask contracts 
and, meeting the 
hot glass, will 
break it. 
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There will be some crackling and sparks 
as the oxygen mixture is heated. These 
should not be too violent or explosion might 
result, hence the need for gentle heating. 
The salt used must be of the best quality. 
It is best for the teacher to carry out this 
experiment as a class demonstration. 


2. Properties of oxygen.—Having filled 
several test tubes take each out in turn, 
slipping the ball of the thumb under the 
mouth to prevent the oxygen from escaping. 
Still keeping the tube inverted, insert a 
lighted match into one. The match will 
burn more brightly. 

Take a lighted chip or wooden spill, blow 
it out, and immediately place it in another 
test tube. It will begin to glow brightly and 
may burst into flame again. These tests 
both show that oxygen facilitates burning. 

Place these two test tubes in a rack as 
soon as used, pour a little clear lime water 
into each, and shake. It will turn milky. 
Note this result for future reference. 

Pass round the other tubes of oxygen 
(inverted) to let children smell. It has 
neither taste, smell nor colour. 

Hold a burning match in a test tube of 
air. It burns for a moment, not so brightly 
as in oxygen, then goes out. 

It is found that oxygen is the only gas in 
which burning, or combustion, can take 
place. Things burn in air because about 
one-fifth of the atmospheric air'is oxygen; 
the rest is chiefly the gas nitrogen, with a 
little carbon dioxide. 


. Marble chips + 
Hydrochloric acid 
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Carbon 
dioxide 


dilute 
Hydrochloric 
Acid 


CAD 


Fic. 78. PREPARATION OF 
CARBON DIOXIDE 


3. Preparation of carbon dioxide.—The 
gas carbon dioxide—symbol COs, which 
shows that it is composed of one atom 
carbon to two atoms oxygen—can be 
prepared from chips of marble by the addition 
of acid. Concentrated hydrochloric acid 
may be used, a little water being added to 
the marble first. No heat is needed. As 
CO. is heavier than air, it need not be 
collected over water, but can be collected 
straight into tubes or gas jars under the 
end of a bent tube leading from the flask 
in which it is prepared. These can be placed 
in a rack and covered with greased plates. 
Use either a Wolff's bottle (Fig. 77) (which 
has two necks) or a flask with a two-holed 
stopper (Fig. 78), into one of which a funnel 
is fitted so that the acid can be poured 
in. Effervescence takes place rapidly and 
the gas is given off. This is also a test for 
the amount of lime in soil. It is the same 
gas that escapes when a soda water siphon 
or “fizzy” drink of any kind is opened. 


4, Properties of carbon dioxide.—Use the 
same tests as for oxygen. It will be found 
that a light immediately goes out and a 
glowing chip is not revived. Now test a 
fresh tube or jar by pouring clear lime water 
into it and shaking it up. The lime water 
at once turns milky. This is the character- 
istic test for COs. Recall the fact that when 
a glowing chip or burning match was held 
in oxygen, it burned till the oxygen was 
used up, and that when lime water was 
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poured in this turned milky. This shows that 
COs was present after burning. The carbon 
of the wood united with the oxygen to 
produce it. Children can help with all these 
tests, 

Now let various children blow steadily 
into tubes of lime water through a straw or 
a glass tube. When they do this, they are 
breathing the contents of their lungs into 
the lime water, which turns milky, showing 
that CO» is passing in. If a tame mouse is 
shut up in a closed bell jar for some time 
and then lime water is poured into the bell 
jar, the same thing will happen; or if a 
lighted taper is inserted, it will go out. 


5. To show that oxygen is removed from 
air which has been breathed.—Set up a bell 
jar in a trough of water. Take a rubber 
stopper which fits tightly and has one 
opening, in which a glass tube is inserted 
tightly. Suspend inside the bell jar by 
means of a fine wire a small test tube or 
open dish containing potash, which even 
more than lime water has the property of 
absorbing COs. The wire may be slipped 
inside the neck of the bell jar and held in 
place by the stopper. 


Glass tubing mouth piece 


Pinch cock 


Wire 
Bell jar 


Potash in shallow 
glass jar 


Fic. 79. To SHOW THAT OXYGEN IS REMOVED 
FROM AIR WHICH HAS BEEN BREATHED 
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To the glass tube attach a piece of rubbe 
tubing and a pinchcock, with a short glas 
mouthpiece above, Fig. 79. Mark the lev 
of water in the bell jar with a strip of gumm« 
paper. When all is ready, let one of the 
children breathe into the mouthpiece. AS 
he does so, the water in the glass trougli$ 
can be seen to rise as he inspires and to fall 
as he expires. Let him repeat this several © 
times (with the object of exhausting all 
the oxygen in the bell jar), then close the 
rubber tubing completely with the pinch- 
cock. 

Now mark the level of the water in the 
bell jar with another narrow strip of gummed 
paper, labelling it 2, and leave till the next 
lesson. When it is looked at again, the water 
will have risen. When the water has quite 
stopped rising, mark the latest level 3. 

What has happened? The carbon dioxide 
breathed out has been absorbed by the 
reagent used and, since the level of water 
is higher than the original level, something 
must have been taken out of the air in the 
trough. Light a taper, take out the stopper 
and very quickly insert the taper into the 
bell jar. It goes out. As CO. has been 
absorbed, this must be due, not to the 
presence of CO, but to the absence of 
oxygen. This means that the oxygen must 
have been drawn out during inspiration. 


6. Respiration in plants.—Now if we can 
show that plants also take oxygen out of 


the air and give up COs, we shall have reason 
to think that they too breathe. There is, 
however, a curious process going on in 
plants in daylight which masks the effect 
of breathing. It is therefore necess: to 
carry out this experiment in the dark by 
placing the plants in a dark box, cupboard 


or room. This may be checked by « 
out the following experiments both in the 
light and in darkness. The experiment is 
similar to the last one, in which oxygen was 
withdrawn and CO; breathed into a bell jar, 
but the plants are enclosed in jars and the 
gas content of the jars is tested after several 
hours. 
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A very simple experiment may be set up. 
Line several jars with damp blotting paper 
and fill them respectively with flower heads 
(dandelions, daisies) ; leaf buds just beginning 
to open; germinating wheat at the stage 
when the shoot can be seen; and germinating 
seeds (wheat, peas, or mustard). Fill one 
also with dead material as a control; e.g., 
germinating peas which have been boiled 
for a few minutes to kill them. Stopper the 
jars closely and leave. A similar set may be 
left in sunlight, as suggested in the last 
paragraph. After a few hours, test with lime 
water some of the jars which have been in 
the dark; the lime water will turn milky, 
showing the presence of CO». Test with a 
lighted taper those which were kept dark; 
the taper will go out. This may be due to 
absence of oxygen, but we know from 
previous experiments that it may also be 
due to the presence of CO». At any rate 
there can be no oxygen present. Check by 
holding a lighted taper in a jar of air. Does 
it burn longer? To prove conclusively that all 
oxygen has been absorbed, we must arrange 
to have the CO, absorbed as well and then 
hold a lighted taper in the jar. This may 
be done by repeating the experiment, using 
one jar only this time and placing among the 
flowers or seeds a small piece of potash, 
which we have already noted will absorb 
COs. If solid potash is used (potassium 
nitrate) manipulate it with wooden forceps, 
not with the fingers, as it burns badly. 
Place it in a small crucible or small jar, 
Fig. 8o. 

The jars used are lined with damp blotting 
paper in order to keep the material fresh 
during these experiments. 

An amusing experiment is to invert a 
test tube filled with mercury in a small basin 
of mercury, clamping it into position, and 
then fill the tube with germinating peas. 
This is done by slipping each pea under the 
test tube mouth with the fingers. As the 
pea is so much lighter than mercury, it 
shoots to the top. Continue until the tube 
is quite full. Leave this for several days. 
It will be found that the test tube fills with 
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a gas, whose pressure gradually depresses 
the mercury until eventually it has been 
entirely displaced. If this is tested with lime 
water, it is found to turn it milky, showing 
that the gas is COs. It can have come only 
from the peas, which are therefore assumed 
to be breathing. In this case the peculiar 
point is that no oxygen is present; it is 
thought that germinating seeds obtain it in 
some way by the breaking down of their own 
tissues. 


LESSON UNIT VII—LIFE HISTORIES OF 
WHEAT, MAIZE AND ONION 


Introduction.—The method is the same 
as for plants dealt with in the first year’s 
course. These plants may be used for 
experiments suggested. 

The special characteristic of all is that 
they have seeds with only one seed leaf or 
cotyledon (monocotyledons). As amongst 
dicotyledonous plants, they may be either 
hypogeal, retaining the cotyledon below the 
ground, or epigeal, carrying the cotyledon 
above ground by growth of the hypocotyl, 
to serve as the first foliage leaf. Wheat and 
maize are hypogeal, onion—also bluebell 
and scilla, which would be equally good for 
study—epigeal. 


Development — 1. Wheat and maize.— 
Wheat and maize, except for minor differ- 
ences, have the same type of growth and 
structure, Both might be grown for 
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comparison. A 
maize seed (Fig. 81) 
consists of a mass of 
yellow endosperm 
and an embryo, 
which is pressed 
into one side of it. 
The embryo is a 
white shield-shaped 
mass, consisting of 
one cotyledon lying against the 
endosperm, and a plumule and 


IYO 


Fic. 81. SEEDS OF MAIZE 


Top left: Surface view. Top right: With outer 
coat removed, Centre: Vertical section. 


radicle enclosed by the cotyledons, Th 
two edges of the cotyledon meet on t! 

surface of the seed, and they must bi 
separated with a needle or penknife, 
after removing the outer skin—combine: 
seed coat and fruit wall—to expos 

the plumule and radicle. 

When growth begins (Fig. 82) the 
radicle emerges and enters the soil. It 
grows only for a very little way, then 
stops short, while other roots grow from 
the region of the hypocotyl, and bas 
of the stem, to take its place. These 
are called fibrous or adventitious roots. 
Meanwhile the plumule is beginning to 
elongate and push its way out of the 
seed coat. It ends in a tubular leaf which 
is thick and hard and is able to push 
its way through the soil without being 
injured. When it has emerged into the 
air the foliage leaves enclosed inside it 
appear one by one and unroll. 

As the roots grow, fine root hairs for 
absorbing water appear just above the 
tips. 

Early growth takes place at the ex- 
pense of the endosperm. The cotyledon 
—called the scutellum, which means 
a shield—is able to digest and absorb 
this food through its skin, or epithelium, 
Fic. 82. DEVELOPMENT or MAIZE which separates them. 
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A later stage in the growth has been noted 
in the first year's course (Summer Term, 
lesson unit IV), the growth of rings of 
roots from the stem to support the sturdy 
plant. 

The flowers are of two kinds, in separate 
inflorescences; staminate spikes with long 
stamens at the top and pistillate tassels with 
long stigmas in the axils of large sheathing 
leaves below. These give place to the cobs 
after fertilisation. They should be grown 
in the garden up to the flowering stage. 


2. The onion and other bulbs.—The onion 
has a long tubular cotyledon which grows 
above ground, carrying the testa up with it. 
The stages in its emergence should be 
watched, Fig. 83. It turns green and serves 


elongation of 
hypocotyl and 
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as the first foliage leaf. It encloses the true 
foliage leaves which emerge later. These 
are called radical leaves because no stem 
axis is found, but they all arise from ground 
level. They are parallel veined, as in maize 
and almost all monocotyledons. 

Scillas can usually be found producing 
seed and seedlings if they are grown in the 
rock garden. Note how the heavy fruits 
(capsules) are pressed into the soil by the 
bending of their stalks, so that the seeds 
are set round about the parent plants. 
Young bluebells should be examined in the 
woods, but not uprooted. If the seeds are 
collected they can readily be grown, and 
growth of bulbs, which takes about two 
and a half years to complete, may be 
watched. 


cotyledon 
serves as 
first 
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leaf 
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ONION SEEDLINGS 


THIRD YEAR' S COURSE 


INTRODUCTION 


HE main theme for this year is the 

lives of plants and animals as they 

affect the life of man. This falls into 
two main parts: (1) the direct influence of 
other creatures upon man, and (2) the part 
played by biology in helping man to under- 
stand his own life as regards the functions 
of his own body, and the environment in 
which he lives. It is important as far as 
possible to carry out the study of these 
subjects through practical work and therefore 
to some extent the work will still be seasonal. 
This makes it impossible to finish with one 
aspect before beginning the other, and 
from time to time we shall change from one 
aspect to the other, keeping the two interests 
going side by side. The work in the third 
year will be more theoretical than hitherto, 
and it will not always be possible to 


illustrate every subject by means of 3f tual 
material. 

It is desirable that some time | still 
be given to extending the ch |dren's 
knowledge of living creatures t! rough 
recognition of new forms, making collections, 
and studying new life histories. notes 
have been given on this as tl method 
should now be familiar, and any living plants 
and animals which are available wi provide 
subjects of interest. The chili: should 
particularly be encouraged to make ini lividual 
studies throughout this year, applying the 
methods they have learnt; tha! inquiry 


by observation and experiment | careful 
recording by sketches and note Where no 


practical work, or very little indicated 
in connection with the lessons, the teacher 
can make opportunities for this kind of work 
to proceed. This would apply parti ularly to 


the spring and summer terms. 


AUTUMN TERM 


LESSON UNIT I—THE FOOD OF 
PLANTS ; PHOTOSYNTHESIS 


Introduction. — By 


the beginning of 
September 


there are definite signs that the 
period of active life is drawing to a close. 
The harvests are gathered, berries are 
ripening in the hedges, and trees and shrubs 
are just beginning here and there to change 
colour. This change indicates a new phase, 
which suggests the questions: What js the 
work of leaves which, necessitates their 
being green throughout the summer? Why 
can it stop (in most cases) apparently, 
in the winter, when leaves are evidently 


not needed? What are the changes taking 
lace? 
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in leaves.— 
pirit, placed 


Development—1. The colour 
Heat some leaves in methylated 
in a beaker inside a larger beaker or saucepan 
of water. The leaves will lose their green 
colour and become almost white, while the 
spirit will change to clear green. 

The green substance which has passed 
out of the leaves is called chlorophyll, and is 
present as small granules. (These can be 
seen in the drawing of a section of a leaf 
shown in Class Picture No. 23 and repro- 
duced in Plate IX.) Chlorophyll breaks 
down into red and yellow substances, which 
give autumn leaves their colour. 


9. The work of chlorophyll.— We could 
find out whether chlorophyll is necessary to 


. 
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the growth of plants if we could get rid of it 
from some plants and see how they grow 
without it. This has in fact already been 
done in another connection, for when 
seedlings were grown in the dark they were 
colourless. This may be repeated. Two 
points emerge: (1) that sunlight is necessary 
for the formation of chlorophyll, and (2) that 
plants which have none are starved-looking, 
thin and weak, with small leaves though 
they may be tall. This suggests that 
chlorophyll is in some way connected with 
feeding the plant. 

One of the commonest foods found stored 
in plants is starch. We have already shown 
by the iodine test that it is present in many 
seeds. It also forms the chief bulk of potato 
tubers, from which new plants can be grown. 
Shall we see if it is present in leaves? 

We shall use the iodine test again, but it 
is desirable to bleach the leaves first by 
boiling in methylated spirit inside a beaker 
of water as before. Place the bleached leaves 
in a saucer and pour iodine on them. They 
turn deep blue, showing that starch is present. 

Children are always interested in making 
patterns on leaves by cutting out stencils 
in thick paper or tinfoil and pinning them 
on to the leaves of growing trees in the 
sunlight. After a few hours the leaves are 
picked, bleached and tested with iodine, 
when the part covered remains as a white 
pattern on the dark blue exposed part, 
Fig. 84. 

Now keep some leaves for several days in 
the dark, then test with iodine. There is no 
reaction. This suggests that there is some 
connection between starch and chlorophyll, 
for neither is formed in leaves without 


sunlight. In fact, sunlight and chlorophyll 


are responsible for starch being formed in 
Jeaves. 


3. Where does starch come from?—This 
annot readily be shown but it has been 
roved that plants with chlorophyll are 
ble to take carbon dioxide from the air, 
nd combine it with water taken in by the 
ots to make starch and sugar. Sugar then 
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Fic. 84. LEAF SHOWING ABSENCE OF STARCH IN 
PART THAT HAS BEEN COVERED. WHEN TESTED 
By Iopine THis PART REMAINS UNSTAINED 


combines with nitrates (which have already 
been shown to be necessary) to build up new 
plant tissues. Thus the element carbon is 
introduced in the form of carbon dioxide. 
This is a process which no human chemist 
has yet been able to perform, but it is 
exceedingly important to humanity for it 
is through plants alone that we are able to 
obtain starch and sugar which are valuable 
sources of energy. 

The whole process in plants is called photo- 
synthesis, which means "putting together 
by light." The sun’s energy enables the 
plant to carry out this work. 


4. Giving off of oxygen.—Another conse- 
quence of this activity can be shown. Place 
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Fic. 85. CANADIAN 
PonpDWEED KEPT IN 
SrRONG SUNLIGHT 


some water plant such as Canadian pondweed 
or starwort in a large beaker of water in 
sunlight, preferably out of doors. Over the 
plant place an inverted funnel with the stem 
filed short, and over this slip a test tube 
filled with water (Fig. 85), placing the ball 
of the thumb over the opening of the tube, 
and then sliding it into position with the 
mouth under water, and clamping it to a 
retort stand. If a large glass trough is used 
instead of a beaker the test tube can be filled 
by laying it under the water, which should 
be deep enough to come some 
distance above the funnel. 

After an hour or two small 
bubbles will appear all over 
the leaves and stem. Some of 
these detach themselves and 
presently thin streams of 
bubbles will be seen ascending 
the test tube and collecting at 
the top. If there are several £ 
sunny days the test tube may 
fill with gas. In twelve hours 
or so enough may be collected 
to test it. If a thin chip is 
lighted, blown out and then 


into the gas, it wil glow 
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more brightly or even re-kindle. T his proves 
that the gas is oxygen. To remove the test 
tube for this purpose, slip the ball of the 
thumb under the opening again, quickly 
turn the tube right side up, then remove the 
thumb and insert the chip. 

Repeat the experiment using boiled water, 
distilled water, and in darkness—or carry 
out all four experiments at the same time. 
No gas is formed. This shows that oxyge! 
forms only in sunlight, and since bo! 
water and distilled water contain no 
its absence explains the absence of « n, 


for no starch formation can tak ice. 
Oxygen is given out into the air by -green 
plants as a result of photosynth: We 
call it a by-product. This is important, 
because it means that actively working 


green plants are both increasing the supply 
of oxygen in the atmosphere, which othe 
creatures can breathe, and decreasing the 
COs, which is poisonous if present in too larg 
quantities. Plants are, of cour | 
breathing out CO, but in daylight 
neutralised by the O given out. 


5. Summary.—To sum up, we find then 
that an important source of the food of 
plants is the CO. of the air, which is provi ied 
either by the breathing of plants or animals, 
or by decaying substances. Green leaves] 
carry out the important work of taking in 
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PLATE XIX. POLLINATION OF FLOWERS 


(Class Picture No. 24 in the Portfolio.) 
For the description of this Plate see page 128. 


this gas, and combining it with water to 
make starch. It is the chlorophyll in the 
leaves which can do this. The energy for the 
manufacture is derived from sunlight. Oxygen 
is given out as a by-product of the process 
photosynthesis. 

Thus we see that leaves have three duties 
to perform. They breathe, they give out 
water vapour, and they manufacture starch. 


Before they fall in the autumn the food 
they contain is drained back into the tree, 
which passes into a quiescent or dormant 
stage during which it needs scarcely any 
food. The food is stored so that it is available 
for the great burst of activity in the spring, 
for at first the opening buds will not be able 


to carry on photosynthesis and so the tree |, 


n 
c! 


must depend on its reserve supply. A- AON FO 
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LESSON UNIT II—POLLINATION AND 
SEED FORMATION 


Introduction.—In the junior school there 
will have been lessons on the part played 
. by insects in pollinating flowers, and on the 
function of the flower in the life of the 
plant. It will, however, be necessary to 
revise these ideas and to make sure that the 
children know the parts of a flower and the 
purpose they serve. Snapdragons (antir- 
rhinums) are convenient flowers to use in 
the autumn for this purpose. A large 
blackboard diagram of a vertical section 
should be used (Fig. 87), and a flower, which 
may be cut vertically into halves, provided 
for each child. 


Fic. 875. V 
ANTIRRHINUN 


ERTICAL SECTION OF FLOWER OF 
& SHOWING Two STAMENS AND 
PrsriL 
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Development—1. Function and essential 
parts of flower.—The following points should 
be enumerated, verified from the specimens 
available and illustrated by diagrams: 

(a) Flowers are formed usually when plants * 
ave mature.—As a result of taking in food 
from the soil and carrying on photosynthesis, 
the plant has been able to grow vigorously 
and develop all its parts. Some plants flower 
very early, others late. Most of those which(" 
flower early have some special means 
forcing growth; e.g., tubers of lesser celandin 
underground stem of wood anemone, bul! 
The flower is an expression of the fact t 
the life of tbe plant has reached its zen 
It has superabundant energy, or stores 
food, which it cannot use for itself at lea 
during that season, and it puts its en: 
into the formation of offspring to continu 
the race. The same thing is true of animals, 
though the 
internal and are not produced as lan out- 
growth at a particular time. N 

(b) The function of the flower is to produce 
seed.—For this two parts are esseitial: 
(1) pollen, which is borne by stamens, and 
(2) ovules which, when pollen has been 
conveyed to them, will grow into seeds. 
The ovules are contained in the ovary, but 
the name of the whole organ, of which the 
ovary is a part, is the pistil. It is situated 
in the centre of the flower, and consists o 
one or more chambers or compartments 
called carpels. These carpels may be fi 
from one another—buttercup (Fig. 8 
wild clematis, wood avens—or joined together 
in various ways, and according to varieties in 
this arrangement different types of fruits 
may be formed. 

The simplest type is the pod or legume 
(pea), which consists of one leaflike carpel 
folded edge to edge and joined by its edges 
to which the ovules are attached 1 
they are enclosed, Fig. 89. 
attachment of ovules is called 
In the snapdragon two carpels closed in 
this way have fused together, forming a thick 
mE. rod as the placenta, Where they 

, - 90. Cut specimens across and 


organs of reproduction are 
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Fic. 88. VERTICAL SECTION OF FLOWER OF 
BUTTERCUP, SHOWING FREE CARPELS FORMING 
PrsTIL 


note that this arrangement gives a large 
area for ovules. In the violet, three carpels 
have united edge to edge, instead of each 
closing round its own ovules, Fig. 90, This 
process may be illustrated by making oval 
paper shapes, and pinning them together. 
(c) Pollination and fertilisation. —Em- 
bedded in each ovule is a minute mass of 
i protoplasm, the egg 
cell, corresponding to 
the egg of an animal, 
while inside each pollen 
grain a corresponding 
male cell is formed. 
These two cells have to 
be brought together for 
the inception of a new 
generation. This union 
is fertilisation, the 
essential process. 
Pollination is merely 
the act of bringing 
pollen to the pistil. 


pea (legume) 
Fic, 89. CONTENTS 
or Pea Pop 
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In most cases, the pistil consists of the 
ovary formed of one or more carpels, a 
specially sensitive tip of the carpels capable 
of receiving pollen—the stigma, and if the 
flower is deep or narrow, an elongation of the 
carpels into a stalk, called the style, which: 
bears the stigma to the necessary level for 
receiving pollen. 

When a pollen grain is deposited on a 
stigma of the same kind of flower, it sends 
out a tube, which grows at the expense of 
the stigma and style, inside their substance, 
down into the ovary. Here it is guided to 
one of the ovules, which it penetrates. The 
male reproductive cell passes down this 
tube into the ovule, finds the egg cell, and 
unites with it. A second small mass of 
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fuses with another similar 
gi. The result of the first union 
iction of an embryo plant, while 
gives rise to the endosperm. 
children of the grain of maize 
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Fic. 9r. VERTICAL SECTION OF AN OVARY 
SHOWING How FERTILISATION TAKES PLACE 


For the teacher's information, although 
for simplicity reference has been made to 
- male and female cells, in the flowering 
plants these cells are represented by nuclei 
—the controlling element in cells—only, for 
the protoplasm round them is not separated 
off from the surrounding substance of the 
ovule. Tn essence they are cells, correspond- 
ing to the complete cells of animals and lower 


plants. This is too difficult to explain to 
children, 


2. Accessory parts—In addition to the 
— essential parts of a flower, there may be 
, Accessory parts which either protect the 
pistil and. stamens, or help to bring about 
pollination by attracting insects, It will be 
noticed that in wind-pollinated flowers 
accessory parts are very slightly developed 
and are chiefly concerned With protecting 

the young reproductive parts. Petals are 


usually the main attractive organ— colour, | 
scent, and striking shap urangement = 
the means of attraction. \ ey are only F 
signals indicating to inse. it there is i 
something worth comin; nectar, a 4j 
sweet fluid produced b; nds called em 
nectaries (Fig. 92), or lant pollen de 
which will serve as food. Incidentally, in 4 
carrying away nectar or pol the visitors v 
may touch the sensitive st ı with themes 
same kind of pollen broug! m another 
flower. This is the service : red by the 
plant, for although the m: id female 
organs are usually present one flower 
(hermaphrodite), more vigoro | numerous 
seeds are produced when cr: llination is 
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Top: Petal of buttercup. 


+ Vertical section of violet. 
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effected than when self-pollination takes 
place. 


8. Results of fertilisation—The changes 
which, follow the act of fertilisation are not 
confined to the production of a seed— 
embryo and endosperm—for all parts of 
the flower are influenced. Usually the sepals 
and petals wither, the stamens, stigma and 
style drop off, but occasionally some of these 
parts remain and in a modified form assist 
in the dispersal of fruit. For instance, in 
St. John’s wort the calyx (outer cup, or 
sepals) persists as a scaly brown cup enclosing 
the fruit, while in the dandelion and thistle 
(Fig. 93), in which it is reduced to a ring 
of hairs, this ring develops after fertilisation 


Pappus 


-=--> 


Nutlet or achene 
(Creeping thistle) 


Nutlet or achene 
(Dandelion) - 
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Nutlet or achene 


(Wood avens) 


Fic. 93. THREE FRUITS SHOWING MODIFIED 
PERSISTENT PARTS OF FLOWER 
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into the parachute (pappus) which bears the 
fruit away. In wood avens (Fig. 93) the 
style persists, becomes woody, and produces 
a hook at the end which enables the fruit 
to cling to the coat of some animal. 

Changes take place in the ovary wall or 
pericarp. It may become hard and woody 
(acorn) and eventually split to let out the 
seeds (horse chestnut). This gives us the 
distinction of indehiscent and dehiscent dry 
fruits; or it may become succulent (plum). 
Whatever the change, it is usually, again, 
connected with dispersal. 


PRACTICAL WORK 


1, Encourage the children to search for 
flowers and fruits in as great variety as 
possible during the autumn, and not only 
to collect and identify them, but to examine 
the flowers to find the essential and accessory 
parts—not overlooking the nectaries, which 
often are overlooked though to insects they 
are the prime meaning of flowers. Try to 
follow the changes which take place after 
pollination, and to see what parts of the 
flower are represented in the fruit. This is 
extremely important if one is to realise 
that every detail has some significance in 
making sure of offspring. 

9. Examine examples of as many of the 
plants mentioned as possible. Cut across 
ripening ovaries of plants to see how the 
carpels are joined and where the seeds are 
attached. If seeds are attached to a central 
column or axis, this is called axile placenta- 
tion (campion). If the walls have broken 
down, leaving just the axis, this is free 
central (pimpernel), while attachment to the 
sides of the ovary is called parietal (violet, 
poppy). 

8. Collections should be made, not hap- 
hazard, but to illustrate different conditions. 
It will be useful to keep boxes of dried 
fruits in the school museum for reference, 
as it is not always possible to collect fresh 
material of every type needed. The class 
should make carefully labelled sketches of 
selected fruits. Any matriculation textbook 


EC 


tails of structure and 


ddition to noticing changes in 
look out for changes in. the 
during the flowering and fruiting 
od. In the early autumn one can still 
plenty of flowers. It is impossible here 
e many details, but, as examples, the 
nasturtium brings only one stamen 
a position to be touched by visiting 
: cts at a time (Fig. 94); the hollyhock 

changes the position of stamens after pollen 
- has been shed; the little ivy-leaved toadflax 
bends the fruit stalk so that the developing 
fruit is turned away from the light, and so 
gets pushed into a crevice in the wall, where 
e seeds may lodge and root. In all these 
es again, slight details, easily overlooked 
' an observer, may be of great importance 
securing descendants for the plant. 


. NOTES ON FLOWER STUDY FOR THE 
SUMMER TERM 


. .. Interest in flower study may be increased 
- df some account is given to the children of 
the way in which the facts of pollination 
Were discovered. 


.— Introduction—The majority of flowers 
contain both stamens and pistil in one 
- blossom, but although self-pollination may 
be possible, it has been discovered that 
cross-pollination, that is, pollination by 
pollen from another flower, increases the 
vigour of the stock, 


Development—1. Darwin and Sprengel.— 

. This discovery was made by Darwin but he 
. Was led to it by reading a book written by 
a German pastor, a great flower lover and 
observer, towards the end of the eighteenth 
century. His name was Sprengel. It was 
not until Darwin proclaimed it that the 


value of Sprengel’s book was i 
after his death, T see 


a 9. Sprengel’s Observations.—I 


t was Spren- 
gel who first observed that the don 


shapes, colours 
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Fic. 94. Front View or Garp 
SHOWING ONE STAMEN IN Pi N FOR 
POLLINATION 

and markings of flowers have significance in 
attracting insects, by directing them to the 
nectar. His attention was first drawn to 
the clear blue salver and yellow ring of the — 
forget-me-not, and he saw that the yellow : 
ring served as a honey guide; later, he noticed — 
lines and markings serving in the same Way © 
on many other flowers. At first he did not — 
realise that the insects performed any 
Service in return for the meal of nectar 
provided, but later on he found that insects 
actually effected cross-pollination. It was 


Darwin who discovered that this had à 3 
definite value in improving both the stock .— 
and the fertility of plants. The work of 
Sprengel and Darwin was later followed by 
many other botanists, and many of the 
details of insect and wind pollination came 
to be understood, r 


PRACTICAL WORK 


When any new flower is found, children - 
should be encouraged to try to answer the 
following questions, both by examining 
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and watching the flowers, and by looking up 
the points in reference books: 

1. Is the flower cross-pollinated or self- 
pollinated usually? 

2. Is it pollinated by insects or wind? 

3. If by wind, what are the special features 
which help to bring about pollination? 
(Usually dry, light, plentiful pollen; long 
slender filaments; tufted, protruding stigmas; 
slender flower stalks so that the staminate 
flowers at any rate swing in the wind; 
flowers either produced before leaves unfold, 
or swinging clear—sycamore—or held above 
—grasses. Negative characters: absence of 
nectar; absence or diminution of accessory. 
flower parts; e.g., petals especially.) 

4. If insect-pollinated, does the flower 
offer nectar or pollen as the chief attraction, 
or both? 

5. How does the flower advertise its wares? 
Is each flower conspicuous, or does it rely 
on mass effect, and if so, how is it attained? 
(Different types of inflorescence.) Does the 
shape help? Smell? Colour? 

6. How does the flower help its insect 
visitor or ensure that pollination will be 
effected? (Alighting board or stage, as in 
dead nettle; or protections to cling to, as 
in violet and gorse; guiding lines and hairs 
to block all but the proper entrance, as in 
violet. Devices such as concentration of 
stamens and stigma so that insect must 
touch them, as in dead nettle.) 

7. Are there any devices for securing cross, 
not self-pollination? (Readiness of stamens 
and stigma at different times. Separation in 
different flowers. Two forms, with long and 
short styles and stamens, as in cowslip.) 

8. Does the flower exercise any selective 
powers? (Bee flowers, narrowed down and 
barricaded so that only insects with a 
particular length of tongue can reach the 
nectar; e.g., wild thyme and white clover 
can be reached only by hive bees. Similarly, 
there are butterfly and moth flowers—long 
tubes, usually with a circular shape, whereas 
the bee flowers, including bumble bee 
flowers like snapdragon, are frequently 
bilateral in shape. The two forms are 
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referred to as being radially symmetrical— 
primrose—and bilaterally symmetrical—dead 
nettle or snapdragon. Note also that certain 
insects seem to show colour preferences— 
butterflies like pink, moths like pale colours 
which, of course, are white and therefore 
conspicuous at dusk, bees like blue and 
yellow.) 

9. Has the flower any particular habits 
associated with those of the insects that may 
pollinate it? (Time of year and of day 
when it opens. Note that the nectar flow 
takes place usually on warm, still, sunny 
days and may be confined to certain hours, 
when particular insects fly. Some flowers 
have sleep movements, as they are called; 
that is, they close in cold, damp or sunless 
weather; e.g., daisies, crocuses; others close 
at a definite time each day; e.g., John-go- 
to-bed-at-noon, morning glory or convolvulus. 
Some flowers move into a different position 
after pollination, thus showing insects that 
it is no use wasting time on them; e.g., 
lesser celandine, ivy-leaved toadflax, dande- 
lion, clover. In some cases, the stamens 
change colour—hawthorn—and position ; e.g., 
as previously noticed, in garden nasturtium 
only one stamen at a time is ready to give 
up its pollen, and the filament moves so as 
to bring it to the middle of the entrance.) 

The attempt to answer these questions 
will provide ample opportunities for practical 
work, limited only by the variety of flowers 
available and by the time the teacher feels 
may profitably be set aside for it. Systematic 
outdoor observational work, with a notebook 
for jottings on the spot, may be followed 
up by indoor sketches to illustrate the 
various structures concerned and the way 
they work. The teacher will probably. find 
it desirable to select certain questions and 
provide material from which the answers 
may be discovered, so that all the children 
cover a certain minimum. The children may 
then go further in the directions which most 
interest them, not necessarily covering 
identical ground. This subject, so wide and 
varied, would lend itself admirably to short 
"]ecturettes," illustrated by large diagrams 


collections of examples. These 
uld be based chiefly on what 

able to see and find out by 
gh there is opportunity also 
g to use reference books. For 
e Lord Avebury's British Insects 

to Wild Flowers and J. H. 
The Flower and the Bee are both 


on Class Picture No. 24, Pollination 
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OPPY.—Cup-shaped, offers pollen but 
to all insects, relying on chance 
ge numbers transferring some pollen 
kind of flower. 

2. CRAB APPLE.—Cup open to all. 
ittracts by colour aided by clustered arrange- 
t. Nectar—in disc round base of style 
d pollen. 

3. MEADOW VETCHLING.—Crowded 
cence conspicuous. Free petals, held 
| united sepals, form a tube, broadening 

o standard, and wings at side, enclosing 
at-shaped keel formed by union of two 
nt petals. Stamens form a tube, making 
nectar at base difficult to reach. Pollen falls 
into keel. Insect drags down wings and keel, 
_brushlike style projects and sweeps out 
- pollen which dusts chest of insect. A bee 
flower, as are most irregular or bilaterally 
ymmetrical flowers. 

4. COW  PARSLEY.—Minute white 
flowers crowded into a flat inflorescence 
. umbel. Outermost petals larger, increas- 
. ing attractive effect. Nectar open to all, 
on flat disc at base of Styles. Masses of 
. flowers bloom in May with striking effect. 

Stamens ripen before pistils, ensuring cross- 

pollination. Visited chiefly by flies. 
. 5. TOADELAX.—Flower a tube. Like 
 meadow vetchling, but more advanced in 
having petals united, making nectar at base of 
tube more difficult of access. Closed at throat 
bya pouch in the front petal, which is also pro- 
duced into a spur, Inflorescence a conspicuous 
s  raceme, flowers sulphur-yellow with orange 

Spots attracting attention. A bee flower. 


m 
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6. FIGWORT.—Of same family as toad- 


flax—Scrophulariaceae—but unusual in hav- 

ing terminal flowers opening before: lower. 
Pollinated by wasps, said to begin with the Wy 
upper flowers and travel down. Since the E- 
pistils ripen before the stamens, this would E 
ensure that pollen—from lower flowers— 
was carried to other plants. Du!! purplish 7) 
crimson, and greenish yellow. 

7. FORGET-ME-NOT. inspicuous 7 
yellow rings on blue ground as honey d 
guides, the classical example {ist studied 
by Sprengel, discoverer of cro ;'llination. 

A little nectar is secreted on : at base 

of short tube, but if not visi! by bees 7% 
pollinates itself by growth of corolla bringing 
stamens into contact with pisi 

8 MEADOW CRANESBI! Large 2 
regular blue flowers with two rings of five — 
stamens, nectaries alternating with outer 
ring. Stamens open first, bendiv:; outwards 
after shedding pollen. 

9. ARCHANGEL.— Rings yellow 3 
flowers conspicuous, as is shape of flowers. 
Tube of united petals spread: form a d 
hood and lip. Hood protects nens and © 
forked stigma till ripe, when ‘hey grow 
beyond it, stigma downwards. Insect alights 
on lip and is guided by orange lines on it. © 
Seeks nectar at base of tube, brushing head 
and back against stamens and ~igma. A 
bee flower. 

10. RED CAMPION.—Regular (cyclic of 
radially symmetrical) flowers. long tube 
of free petals widens into salver-sha pe held by 


calyx of united sepals. Small projections form 
a corona which partially blocks throat —as m 
forget-me-not. Nectaries at base of tube. A 7 
butterfly flower, but white campions jx sllinated = 
by moths. Separate P. and S. flowers. 

ir. COWSLIP.—Cyclic flowers with long 
tube of united petals. Orange spots 0n f 
yellow cup probably honey guides. Umbel 
conspicuous. Flowers of two types: $- 
eyed with long style, thrum-eyed with anthers 
in this position and short style. Throat 
widened in thrum-eyed type to accommodate 
the cluster of anthers. Cross-pollination 
ensured since the shorter organs touch the — 
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tongue and the longer ones the head or 
base of the tongue of the visitor. Long- 
tongued insects only can reach the nectar. 

12. HONEYSUCKLE.— Sweet scent at 
night and pale colour attract hawk moths, 
the only insects with sufficiently long tongues 
to reach the nectar. Irregular, conspicuous 
flower; umbel also easily visible. 

13. LIME.—Strong sweet scent indicates 
presence of nectar, which is copious. Open 
flowers allow any insects to take it, bees 
especially. Not conspicuous, sheltered by 
leaves. 

14. RYE GRASS.—Like all grasses, wind- 
pollinated. Stamens swing on long, slender 
stalks, feathery stigmas catch and hold dry, 
light pollen. Inflorescence held clear of 
surroundings foliage so that wind reaches it. 

15. ALDER | CAT KINS.—Wind-polli- 
nated. Compare with grass. Dry, light 
pollen scattered in clouds. Petals minute, 
reduced not conspicuous; no scent. Flowers 
before leaves, exposed to wind. Stigmas 
project from conelike pistillate inflorescences. 
16. RIBWORT PLANTAIN.—Wind- 
pollinated. Open situations like grasses; 
flowers held above leaves. Inflorescence a 
spike, pistils ripening first, circlet of anthers 
held well away by long stalks. Corolla 
reduced, but some plantains are still pollin- 
ated by insects and others in a transitional 
state. Their nearest relations having insect 
pollination are the Scrophulariaceae. 


LESSON UNIT III—FUNGI 


To arouse their interest, the children 
might be asked to collect examples of fungi 
in late October and early November. The 
school garden, lawns, paths, vegetable patches 
and manure heaps, fallen trees and piles of 
faggots, as well as woods, heaths, downs 
and pastures, are all likely to yield their own 
types. The group is an important one 
economically, because it includes many 
serious pests of trees and crops, though the 
majority of these are minute and not 
spectacular, The various “blights” and 
mildews belong to this group. 
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The study of the subject would fall into 
three parts; (x) identification of as many 
forms as can be found, making sketches and 
trying to find all stages in their life history, 
and noting as much as possible about their 
occurrence and habits; (2) growing moulds 
in the classroom or laboratory, and observing 
their growth; (3) a short lecture to give 
information on the economic importance of 
the group, including some account of the 
disease-causing forms. This could, if pre- 
ferred, be put off to later in the year. In 
that case it could be taken as part of a 
short course on the economic importance of 
plants and animals, which would include 
birds, insects and bacteria. 


Introduction.—Display and name as many 
varieties of attractive or curious fungi as can 
be collected, so that they can be easily passed 
round or held up, if large enough, for the class 
to see. Say where they were found, For 
instance, a selection of the following:— 
Toadstools—ink caps, verdigris toadstool, 
sulphur tuft, honey-coloured toadstool; puff- 
balls; polypores (with minute pores leading 
into tubes on the under surface—the name 
means many pores); stump flap (which is 
small and thin), the large “brackets” which 
are seen on tree trunks, the bright sulphur- 
yellow boletus which looks like a toadstool 
till you look underneath, and see the pores; 
coral spot on twigs; candlesnuff, also on 
twigs. See Class Picture No. 26 and notes 
on it for identification of common types. 


Development—1. How organic food is 
obtained.—Draw attention to a characteristic 
of all these plants, the absence of chlorophyll. 
From their recent work on photosynthesis, 
the children will realise that this implies a 
special food problem—the plants cannot 
obtain carbon from the air and manufacture 
starch. 

In consequence, they all obtain their 
“organic” food; i.e., food containing carbon, 
and incidentally nitrogen (for without CO» 
to make starch, they cannot carry out the 
process of building up tissues with nitrates), 


; on plant or animal tissues. 
they feed on living animals or plants, we 
all them parasites, while if on dead tissues, 
hey are called saprophytes. 
he structures which have been collected 
re not the main part of the plant but 
rrespond to the fruits of flowering plants. 
‘find the vegetative part, we should have 
cut into the tissues upon which they were 
growing. One can, however, see something 
this by examining dead leaves among 
ch toadstools have been found growing. 
A plentiful supply of such leaves should be 
provided for the class to examine; beech 
aves are perhaps the best for the purpose. 
On looking at a mass of beech leaves which 
have lain for some time on a wood floor, it 
= will frequently be found that they stick 
together in clumps. On separating them, 
one can see that they are closely interwoven 
th white threads, making a thick mat, 
often following the pattern of the veins. 
These threads penetrate the whole substance 
of the leaves. They are the fungus plants. 
They are called hyphae (sing. hypAa) and 
the network or web formed is called a 
= mycelium. These threads are capable of 
sucking in and digesting the food they need 
from the plant or animal on which they are 
living. 
A “brick” of mushroom "spawn ” is really 
. & mass of mycelium holding together dung, 
roots, soil, and decaying grass or fibre. If a 
piece of mushroom spawn is broken into small 
pieces and handed round, the children can 
see, especially with the help of a hand lens, 
the delicate white threads penetrating the 
substance. 


on living for years in many cases. From 
time to time it produces the fruit bodies 
Which are familiar to us. In the case of 
. teadstools, a number of hyphae collect 

together and form a small knob, which then 
swells up and becomes distinguishable into 
. ahead and stalk. The whole structure may 
ETT be covered by a sheath or universal veil 
ue which breaks as the cap expands, sometimes 
jr 3 : 
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2. Fruit bodies.—The mycelium can go 


leaving a collar, the volva, round the base, 


or a few scales on the cap (the white scales E. 
on the scarlet fly agaric are an example). 9 

A delicate skin binds the edge of the cap 7 
to the stalk, the secondary v This also 
is broken as the cap spreads out and some- | 
times it leaves a marked ring on the stalk, 7 
Fig. 95. 

3. Spores.—When the cap h expanded, 4 
the purpose of the toadstool becomes clear, 


hrown into 
red with a 


The under surface of the cap is 
radiating folds, called gills, co 
delicate skin. This skin bears thousands of © 
minute masses of protoplasm- or cells— 7 
each capable of germinating under suitable 7 
conditions and producing a new plant. They i 


from 
Secondary veil 


Col lar formed 


from 
Universal veil 


F16.95. A PALE YELLOW ToApsrooL— TUE DEATH © 
CAP OR DESTROYING ANGEL (Amanita I 'HALLOIDES) 
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are called spores, Fig. 96. Amongst 
the non-flowering plants they are the 
chief means of reproduction and are 
found in many kinds of plants, in- 
cluding, seaweeds, mosses and ferns 
and horsetails as well as fungi. 

In order to see the spores, cut off 
the caps of some toadstools and place 
them spore side downwards, some on 
dark and some on light paper. After a 
few hours the spores will be thrown 
down, forming the pattern of the gills 
on the paper in a fine powder, “spore 
prints." Spores may be white, red or 
pink, brown or black. 

Spores are usually carried away by 
wind but may be carried by animals 
such as slugs, mice, beetles, flies and 
perhaps squirrels. Their dispersal is 
haphazard and undoubtedly many 
are lost; consequently great numbers are 
needed. The various forms taken by the 
fructifications are devices for producing very 
large numbers of spores in a small space. 
The classification of fungi is based upon these 
devices and upon microscopic details con- 
nected with them. Thus the toadstools (and 
mushrooms) bearing their spores exposed on 
gills belong to the large group of agarics; 
the brackets, stump flap and boletus have 
the spores protected by marrow parallel 
tubes penetrating the cap. They are called 
polypores. The candlesnuff and coral spot 
have a different system altogether, for their 
spores, instead of projecting, are enclosed in 
flasklike cells which can be seen only with. 
a microscope, lying immediately below the 
surface skin. These are collected together 
into elaborate organs, but the detail is too 
difficult for children. 

Puffballs contain their spores in a network 
which forms the inside of the ball. When 
this eventually breaks open, the slightest 
knock will cause them to emerge like a cloud 
of smoke, giving the fungi their name. 


Practical work.—Let the children draw 
several types of fungi, indicating their spores 
and bringing out these points clearly in the 


gills on which spores 
are produced 
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soil 
3 surface 


/ 


reproductive ~~~" 
part 


Fic. 96. MUSHROOM 


sketches. Note at the same time when and 
where they grow. 

If possible, let them examine some spores 
under the microscope by shaking them on 
toa dry slide. The clear, colourless protoplasm 
and coloured protective wall can be seen. 
Also make as many spore prints as possible. 


4. Moulds and mildews.—The majority of 
toadstools are saprophytes, though a few 
(e.g., the honey-coloured toadstool which 
is injurious to living as well as dead trees) 
are both saprophytic and parasitic. Amongst 
the lower fungi we find a great many which 
are injurious to living plants and animals, 
especially to plants. If a search is made 
amongst the plants of shepherd's purse 
growing as weeds in the garden, one frequently 
comes across a white fluffy mould protruding 
from cracks in the stem. If this can be 
procured the children should examine it. 

If so-called “ants’ eggs" have been used 
for feeding goldfish, and these are left in 
the water, they frequently. become infected 
by a mould, appearing again as white tufts, 
These are the spore-bearing parts—the 
mycelium, which cannot be seen, has grown 
into the tissues and, in feeding upon them, 
has destroyed them. 


eggs" are left in stagnant 
sually possible to secure this 
Both of these are parasitic, but the 
n be saprophytic as well. It 
| goldfish, beetles and other 
aquaria. A saprophytic mould 
grown on damp bread covered with. 
and kept in a warm place. It is a 
plan to stand a saucer containing the 
in a shallow dish of water, which will 
p the air in the jar moist. After two or 
e days the bread will probably be 
vered with a fine white fluff, and a day or 
vo later with small black dots like pinheads. 
is called the pin mould (mucor) The 
ack dots are hollow balls, containing 
ores. They burst and the spores shoot 
alighting on the glass and on the saucer 
round the mould. If a little of the ripe 
uld is placed under a microscope, on a 

lide, the tiny spore cases can be plainly 


Other moulds of different colours, will 
obably make their appearance on the 
ead. If the jam jar is removed, it will be 
und that the bread has a peculiar smell— 
ur, musty, acrid, possibly slightly alcoholic, 
owing that chemical changes have taken 
: in its composition. If it is broken it 
is found to have changed colour and texture, 
while the mycelium of the mould has 
penetrated throughout. Other moulds may 
readily be grown on cut lemon (“green 
mould” usually); on home-made jam kept 
moist and warm, and on cheese. 
illustrate the 


and on all exposed 
tables, floors. The 
set them floating 
d, if they are on 


5. Economie importance of fungi 

: [ »—Follow- 
ing the practical work described, the c. 
Tay be concluded by giving the "d 
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fungi in theme 


some idea of the importance of 
life of man. 

The agarics, polypores and “higher fungi” 
generally are of comparatively little import- 
ance. Here and there we find instance of mi 
injury, like the damage to d by the © 
honey-coloured toadstool, or t ore serious 
“dry rot" caused by a large, igy fungus 
which spreads through floors | woodwork 
of houses, where the floors à: t properly 9 
ventilated. On the whole, tl: ief import- 7 
ance of the fungi is that they hcl» to start the 9 
processes of decay which eventually reduce 
plant and animal tissues to condition 
when green plants can use them as food, 
Although a few can be eaten, r value as 
food is not important. 

Amongst the lower fungi of the type found 
on shepherd’s purse, there however, 
many which cause serious | diseases. 
One of the most dreaded is the potato blight. 
The spores of this fungus are carried in 
England by south-west winds and, dropping 
on the fields in rainy weather, i::mediately 
break up into a number of pecu'iar spores, 
called zoospores (i.e., animal-li because 
they are capable of swimming actively in 
the damp soil, or in rain or dew on leaves. 
These zoospores germinate, each forming à 
short hypha which penetrates a !caf (often 
by a stoma) and soon branches and forms @ 
mycelium in the leaf. Eventually the whole 
plant becomes rotten. Then the mycelium 


sends branches to the under surface of the 
leaves, where they form a delicate, glistening 
film of threads. From these threads minute 
spores are budded off. Where once the pest 
occurs it is exceedingly difficult to get rid 
of, for wind-borne spores, zoospores, and 
broken bits of mycelium, rotting tubers and 
rotting leaves all tend to spread and per 
petuate it. It is checked by spraying with 
Bordeaux mixture (copper sulphate and 
lime) and by treating the soil with gas 
lime. 3 
This illustrates the type of activity of the 
lower fungi. Their small size makes them 
difficult to detect except by the results of 


their activities, when the damage is already 
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A. Branches growing through pores of leaf surface, to scatter 
spores, 

B, C. Spores, called conidia. 

D, Free-swimming spore or zoospore. 


well under way. Other fungi cause mildew 
on rose and vine leaves, “rust” and “smut” 
on cereals, “damping off” of seedlings which 
are over-watered and not given sufficient air. 

Comparatively few fungi attack living 
animals, but one well-known example is the 
cause of ringworm in man. 


LESSON UNIT IV—SOIL 


Introduction —It has already been said 
that plants obtain both water and a certain 
amount of their food from the soil, Since 
all animals ultimately depend on plants for 
food, it follows that if men are to grow crops 
for their own and their animals’ use, they 
must have some knowledge of the character- 
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istics and properties of soil. The character- 
istics which may affect the growth of plants 
may be either chemical, physical or bio- 
logical. 


Development—1. Chemical composition of 
soil.—Chemical composition refers to the 
actual substances of which soil is made. 
The soil particles will have a particular 
composition according to the rocks from 
which, they are derived, for it was mentioned 
in a former lesson that soil is formed by 
the weathering of rocks. Amongst others 
may be mentioned limestone, chalk, granite, 
silica, felspar. From the point of view of 
the plant's needs, these are chiefly important 
according to whether they are soluble in 
water or dilute acids, and contain substances 
of any value as food when dissolved. 

In addition to rock particles, there are 
finely divided plant and animal remains. 
The plant remains eventually assume the 
form of a soft, dark brown substance, 
capable of holding a good deal of water. 
This is called humus. For many years it was 
considered that this was the form in which 
plants made use of soil substance as food, 
but it is now known that much more breaking 
down must take place, producing simpler 
substances which are absorbed. This is 
where the biology of the soil begins to be 
important, for it has been found that tiny 
living plants called bacteria inhabit the 
soil, and in the course of their life activities 
break down humus and render it both 
simpler and soluble, so that the roots of 
plants can at last absorb it. Further reference 
will be made to this later in connection with 
bacteria. 

Recall the experiments made with the 
growth of plants in culture solutions, and 
the effect of adding different artificial 
manures in the garden. In making these 
experiments, chemical substances which are 
normally present in soil were used to show 
what part they played in helping plant 
growth. One of the most important is 
nitrate, which may be present combined 
with various elements, calcium, sodium or 


* 
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e commonest. Nitrates 
: from animal remains and 
but an important source is again 
ith the activities of bacteria. So 
aluable are nitrate supplies that wherever 
siderable deposits are found they are 
hly prized commercially. Chili saltpetre 
. various deposits of bird droppings in 
at quantity, called guano, are the most 
nt. Plants are always exhausting 
plies in the soil and so cultivators 


: its of the bean, clover and lupin 
j amily (Leguminosae) have long been known 
enrich the soil with nitrates, but it is 
. only since the discovery of bacteria that it 
been realised that this too is due to 
their activity. Certain bacteria live in the 
oots of these plants, forming what are 
alled nodules, which are little swellings. 
ine some clover or bean roots to see 
these. It has been found that they can take 
trogen out of the air and change it into 
itrates for their own use—a feat as 
marvellous as that of the green plants 
aking in CO, and manufacturing starch, 
these bacteria make far more nitrate than 
they need, and the surplus is partly used by 
the plant on which they are living, partly 
eft in the soil, which is thus enriched. 
_It will be seen that in discussing the 
hemical properties of soil it is not possible 
Separate them from biological factors, 
ce both bacteria and animals contribute to 


it also seems t 
f other substan 


2. Physical properties of 
physical properties of soil are also important 
to plants—the coarseness of particles, the 
amount of humus in relation to other 
substances, coldness, and wetness—that is, am 
capacity for holding water, capacity for 
drainage and for soakin water from 
below. These properties | depend very 
largely upon the chemica! nature. The ^ 
teacher who wishes to do much work on soil 
in connection with gardei should get 
Sir John Russell’s little book, Lessons on ay 
Soil, and should also con his larger 
works and those of Hall, and publications - 
of the Rothamsted Experimental Station of 3 
which Sir E. J. Russell is director. F. 

Let the children carry out experiments 
described at the end of this section. On 
completion, the results obtained should be 
summarised and discussed, and conclusions — 
drawn from them, which will be somewhat 
as follows: 


soil.— Certain. 


Soils may have a prej erance of 
clay, chalk or sand. Sandy soils with a — 
fair proportion of humus are called light 7 
loams; clay soils made less adhesive by 1 
humus are heavy  loams. Most soils 
contain all three constituents, together — 
with humus. Subsoil contains little or no à 
humus. 4 

When equal quantities of water are poured — 
upon pure clay, chalk and sand, so that the 


water can drain through, the sand will drain 
More quickly than the other two and will 
allow more water to percolate through. The ^ 
clay will hold the water longest and allow 
less to drain through. « 

Consequently, clay soils are likely to hold 
water, and to be wet and therefore cold; 
chalky and sandy soils will be dry, and nA 
therefore inclined in the summer to be very 
hot, but at other times to be warm enough — 
for roots of plants to live and work actively: k 
Clay soils are apt to be very cold and water- 
logged in winter. 

When the soil is saturated with water 
there are no air spaces. The space available 
for holding air and water must be the same. 
Roots need air for breathing and cannot 
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live long in either hard and compressed, 
or waterlogged soil. 

The application of this fact to gardening 
will show why it is necessary to hoe and 
fork the soil frequently. It assists drainage 
while at the same time distributing the 
moisture evenly, and preventing evaporation 
by protecting the soil below the surface 
from dry air and rain. 

It will be noticed that when a small 
brick of clay is made it expands when wet 
but shrinks and at the same time tends to 
crack as it dries. Applying this to clay soils, 
the caking and cracking of the clay are both 
objectionable to the roots of plants. 

A property of importance to roots is the 
bility of soil to raise water which has 
uned to lower levels, probably to a water 
table. This is due to the force known as 
illarity. The word capilla means a hair. 
walls of very fine, hairlike tubes cause 
liquid to adhere to them with sufficient 
force to draw it up. The finer the tube, the 
higher the water is drawn, Fig. 98. This 
enables roots to use supplies of water 
which would otherwise have drained away 
beyond recall Deep-rooting plants, such 
as trees, and plants which are generally 


To snow CAPILLARY ATTRACTION 
B, C. Wider tubes, 


Fic, 98. 
A. Capillary tube, 
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found on clay soils, such as wild parsnip, 
have long tap roots which do "tap" these 
underground supplies, whereas plants with 
short roots, such as most cereals, must 
depend on surface supplies and therefore need 
a plentiful, regular rainfall in their early 
growing stage. Differences in rainfall (both. 
quantity and time of occurrence) will, under 
natural conditions, determine whether grass 
(prairie, steppe) or woodland vegetation will 
be established. 

Let the class examine and sketch some 
plants with tap roots and some with 
adventitious roots, noticing the shape, 
distribution of roots, and area covered, 
Fig. 99. Adventitious roots are frequently 
characteristic of plants with creeping surface . 
stems, which root at intervals and so cover 
a large space with numbers of short tufts, 
capable of extracting water from a large 
surface area; e.g, white clover, creeping 
buttercup, cinquefoil, violet. 


3. Biology of soil. —A part from the presence 
of bacteria, whose work in the soil is of such 
great importance to crops, there are many 
other inhabitants of soil. Some of these, 
for instance the protozoa, are invisible. 
These include certain very primitive and 
minute animals, amoebae and still smaller 
related forms. Some of them are important 
from our point of view because they feed 
upon bacteria. Counts have shown that 
the numbers of bacteria and these small 
protozoa fluctuate in a definite relationship. 
If there are many protozoa, the bacteria 
diminish; then apparently for a while the 
protozoa have not enough to eat, and their 
numbers decrease until the bacteria have 
recovered again. 

Amongst animals large enough to be seen 
are earthworms; beetles and their larvae; 
the larvae of many flies feeding upon dung 
or humus; wolf spiders which prey upon all 
these; centipedes feeding on worms and 
grubs; millipedes feeding on plant remains 
and roots of living plants; and a multitude 
of insects—such as, for instance, the onion 
fly—hatching from eggs laid in soil but 
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finding their way to plants which they infest, 
causing disease. Many beetles hunt and 
kill insects, worms, slugs and snails, while 
the much larger mole does the same. In 
the winter, in addition, countless small 
creatures hibernate in soil though their 
active life is spent elsewhere. This brief 
summary is enough to show that, from the 
point of view of plant life, and therefore 
in connection with agriculture, the biology 
. of the soil cannot be ignored. 


PRACTICAL WORK 


l. Experiments on the lime content of 
soils. 

2. Experiments to find out some of the 
physical properties which affect plant and 
animal life in it. 

Samples of air-dried soil from a well- 
cultivated garden will be required and 
if possible from other situations where 


ij 


it is poorer in humus. Sai clay and $ 


chalk. 


Refer again to the importance of the E 
to many plants and animals, 1 ask va 
conditions it provides. It will probably be - 
suggested that the soil gives water to 
plants, shelter, food and thi nece 
dampness to earthworms and many ground- 


dwelling insect larvae, centipedes, millipedes, 22 
woodlice and so on. It also affords mea T 
keeping plants upright. Suggest trying ta — 
find out of what substance soil is composed: — 
and which of its physical characteristics 3 
might be important to living things. : 
(a) To find out of what soil is composed E 
Remind the children that a great deal © 4 
leaf mould is added to the soil cach yeat 3 
as leaves fall and decay (aided, as we a 4 
by fungi and bacteria. The dying down of — 
herbaceous plants also adds great quanti 
Ask them to try to think of some way 9 3. 
isolating the plant remains so that they ca 1 
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the amount present in equal 
of soils taken from different 


compare 
ntities 
ituations. 
Tell the class that it has been found that 
umus is lighter than the other substances 
soil, and that this has suggested a means 
„parating it out. Take a little fairly rich 
len soil, and shake it up in a tumbler of 
ater; then watch it settle. At first the 
r will be very muddy, presently only 
dy, with a fine suspended sediment. 
it round, holding it very steadily so 
ot to shake it. It will be noticed that 
of the soil is at the bottom, and that 
settling with the coarsest underneath 
ind finer soil forming an upper layer. Very 
> soil is still floating in the water, and 
the surface are irregular soft masses of 
ying plant tissues, together with recog- 
nisable scraps of less decayed leaves, roots 
and stems. The formless, soft brown 
substance is humus. 

The surface may be skimmed and the scum 
dried. Let the children, in groups, repeat 
this with various soils and compare results. 
Noíe.—1lt is not necessary that all the 
ildren should perform every experiment. 
is quite a good plan to divide them into 
oups, giving each group a certain section 
to carry out; then let one member of each 
eroup demonstrate what has been done, 
explaining and illustrating the method of 
procedure, and stating what result was 
obtained and conclusion drawn. Blackboard 
summaries might be made and copied by 
the rest. The following scheme for recording 
experiments is clear: 

Aim—To see whether there is any humus 
and plant fibre in a certain soil. 

What we did. 

Result—or what happened. 

Conclusion—or what we deduce from the 
experiment, 

Note that the aim of an experiment should 
be stated as an inquiry, not to show or prove , 
that a particular result will be obtained. The 
children should not be told what result to 
expect from their experiments. This applies 
generally. 


1S 
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Ask what other substances besides humus 
the children think may be present. What 
makes the bulk of the soil? This is the next 
inquiry. Let the children try to think of 
some way of separating what is left. Perhaps 
some of them will remember that there 
was some fine substance held in the water 
for a long time. Here is the clue. Let us 
wash and wash the soil and keep all the fine 
substance we can pour off. How can we 
collect and examine it? In time perhaps 
that would sink to the bottom and could be 
collected. But a quicker way would be to 
drive off the water by heating it and leave 
the substance behind. Old saucepans or any 
kind of metal vessels that will resist heat 
can be used for this; tin cans will serve 
if they can be made perfectly clean. In the 
laboratory a porcelain dish over a sand bath 
would be used. If possible allocate this 
experiment to be carried out by a second 
group. Failing any appliances, the teacher 
will have to conduct these experiments while 
the children look on; but it is much better 
if the children can take part. Any small 
oil stove can be used if a gas ring is not 
available. This experiment takes time and 
the vessel will have to be left heating till 
the water has evaporated. As an alternative 
method shallow vessels can be used and left 
in the sun for evaporation. 

The same method will be applied to the 
first sediment. It will be repeatedly washed 
and the liquid evaporated (either over heat 
or spread out in the sun) until a graded 
series of dried samples is obtained. These 
will be found to consist of fine gravels, coarse 
sand and fine sand. The finest substance 
will probably be clay. If so, it is a very 
smooth, non-gritty powder which sticks to 
the finger. If moistened again and allowed 
to dry it will crack. It will also be found to 
shrink into a smaller space as it dries. To 
test this, fill any small vessel to the brim with 
wet clay and see what happens as it dries. 

We conclude, therefore, that soil consists 
of humus, clay, sand and gravel. 

(b) To find out how much water the garden 
soil holds.—The children know that a 


e- 
^ 


garden needs rain or artificial watering, and 
that both plants and animals need the water. 
Ask how we could find out how much water 


soil will hold. By discussion the following 
- points should be brought out: 


(i) That the soil must be dried or we shall 
not know whether it already contains 
some water. 

(ü) That if we pour water on, we must 
know how much. 

(iii) That if the soil is in a vessel, so that 
the vessel holds the water, it is not 


possible to say when the soil is exactly 
full. 


The third point will probably cause some 
perplexity. The soil can be air-dried and 
the water to be poured on measured: but how 


- Shall we know that the soil is full? The 


teacher will probably have to point to a 
solution. If a funnel is used, the water can 
Pass right through, and we can measure both 
what goes in and what goes through. It will 
also be necessary to know how much soil 
is being used. This can be measured either 
by weight or volume. The simplest way, 
if only makeshift apparatus is available, is 
to graduate a straight-sided glass vessel of 
measured capacity, marking the volumes on 
the outside with strips of paper, and then 
use this for all measurements. The bottom 
of the funnel should be lightly plugged with 
cotton wool. It will be seen that the water 
comes through with a rush at first, then 
much more slowly, and finally only an 
Occasional drop. If we wait too long there 
will be evaporation, So we see that the time 
element comes in also, and we have to 


notice how long we leave the water on the 


soil before Measuring what has com 


Note here 
for water runs 
and through. clay 


ot been powdered, 


hough the porous _ 
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most certainly ne 
children do not vet 
of plants need it, 
of soil being waterl 
roughly dug in the 
summer, to let air gi | it. With a little 
thought they will sec t hey have already 
measured the air spa r it must be the 
same as the water-ho : capacity. 

(d) To see what when there is 
water down below th It has probably 
been noticed in very dı ther that many 
of the plants look quit g and vigorous, 
and do not seem to 1 watering, while 
others wilt easily. If po e dig up a plant 
of each kind and show the difference in the 
length of roots. The rooted plants 
must be able to reach down to water some- 
where. Some of the drains. away 
underground and at last rcaches springs or 
rivers, but some of it remains deep in the 
soil and keeps it damp. Show what a little 
way you need to dig in the garden in dry 
weather to come to damp soil. Now suggest 
that we might see what happens when we 
place dry soil so that there is water touching 
it underneath. : 

À lamp glass may be filled with soil and 
stood in shallow water. The soil should be 
tightly packed. Gradually the water will be 
seen to rise in the soil. An investigator who 
carried out this simple experiment fitted a 
Piece of blotting paper on to the top of the 
soil; the paper became wet when the water 
teached it and so gave additional evidence: 
She also tied a piece of filter paper over E 
bottom to prevent the soil from coming 0U 
into the water, 

This property of soils is one common " 
all narrow tubes, for it is to the walls © 
the narrow tubes formed by adjacent soil 
particles that water adheres and so is E 
up. The walls exert force, called the force 0 
capillarity. E. 

It it is desired to compare the capillarity 0 
the different soil substances—clay, chalk 


to breathe. The 

v whether the roots 
y may have heard 
nd that it is left 
or hoed in the 


- and sand— glass tubes about 2 ft. long aN 


iin. in diameter should be carefully packe 
with these substances, so that there ale 
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no spaces, and lightly plugged with cotton 
at the bottom, then clamped upright 
sins of water. As the water rises, the 
el may be marked, Fig. 100. It will be 
found that the water rises quickly in the sand 
to begin with but soon stops, whereas in 
clay the rise is slow but continues for many 
days to a greater final height. At first the 
rise will need to be marked at very short 
intervals. 

3. The biology of soil offers a good 
rtunity for individual studies during 
winter months. Digging in the garden 
» best way of finding out what inhabitants 
re are in the soil. Watch the habits of 
mals disturbed, collect specimens to 
xamine in the classroom, making small 


a. In 30 minutes, 


FIG. roo. 
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vivaria to contain damp soil—tumblers 
with fitting caps are useful, but air must 
occasionally be admitted. Some of the 
animals remain active, others hibernate, 
some caterpillars and chrysalises and snails 
enter the ground only to hibernate, living 
above the surface at other times. It is 
possible to keep these, and the larvae of 
beetles, and so work out the life histories. 
Some beetles feed on vegetable matter but 
others are voracious flesh feeders, and 
appropriate food will need to be supplied. 
Those that feed on slugs and grubs are, of 
course, allies of plants, while those feeding 
on roots and leaves are enemies. Notes 
should be made on these points as they are 
observed. 


coarse B fine 
sand fi sand e 


b, In 6 weeks. 


To sHow Rise or WATER IN TUBES PACKED WITH CLAY 


AND SAND 


K—VOL. II-S 


ng the functions, or activities, by 
ich living creatures carry on their lives, 
ve found that both plants and animals 
feed and breathe. All require that their 
| shall contain nitrogen in the form of 
rates, for these are essential for building 
tissues. The children will know from their 
iene lessons that the three chief food 
ibstances required by animals are carbo- 
hydrates, fats and proteins. Proteins differ 
composition from carbo-hydrates and fats 
that they contain nitrogen. Carbo- 
hydrates and fats are useful for providing 
energy rapidly, while proteins are built up 
into tissues—bone and muscle— which are 
o available for energy, but not so rapidly. 
Order to set free energy oxygen is 
required, and this is obtained by breathing. 
_ Consequently, the necessity of obtaining 
both oxygen and nitrogen presents both 
plants and animals with two of their great 
problems, and in the solution of these 
problems they depend upon one another, 
The chemical Changes which take place, 
in the course of whi i 


supply of oxygen, depleted 
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NIORS 


plants and animals duri day and night. — 
in breathing, is renev un by plant | 
during the daytime. ^ same time We 
must recall that plant taking COs 6 Ten 
of the air in the daytim order to obtain | | 
their supply of carbon uild up carbo 
hydrates. In this way ving their own | 
ends, they perform a ble service to 


animals, for they both 
remove the injurious CO 
poisonous in large quan 
oxygen—carbon dioxide 
It may be expressed i: 
as a blackboard diagram 


hich would we 


Plants 


je out 
Oxygen. 
taken 
in by 
Animals 
2. The nitrogen cycle. Bo: plants S 
animals need nitrogen, but since animab 


are more energetic than plants (that is, arem 
More active, and so use more energy) they 
need proportionately more. E. 
Nitrogen exists in the atmosphere as «g 
gas, in the proportion of $ to | of oxygen 
It is called an inert gas; its properties au 
mainly negative and it will not support life; 
its presence in the air, however, causes E : 
to go on more gently and slowly than iti 
would in an atmosphere consisting of oxy 
in other words we should “burn out” me 
More rapidly without it. Animals an a 
Plants, however, cannot use nitrogen if 3 
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this form. During thunderstorms the electric 
currents 
atmosphere and the falling rain convert a 
small proportion of nitrogen into nitric 
id, which is washed down into the soil and 
ay in due course combine with other 
substances to form nitrates, the form which 
plants require, but this minute supply would 
do nothing appreciable to meet the demands 
of living creatures. 

Fortunately for the rest of the world, 
there exist in the soil millions of microscopic, 
invisible bacteria, which also, being alive, 
need nitrates, and as we noted in the lessons 
on soil they are capable of supplying them- 
selves from the free nitrogen gas of the 
atmosphere. Some of these bacteria live 
freely in the soil, others in the root nodules 
of leguminous plants. In both cases, they 
manufacture far more nitrates (or as we 
say, fix more nitrogen) than they can 
possibly use. The surplus is available for 
plants in a soluble form which the roots can 
absorb. 

The second great source of nitrate supplies 
is the store locked up in the dead bodies of 
plants and, much more, of animals and in 
the excretions of animals. This store, no 
longer needed by the creatures themselves, 
would if returned to the soil help to enrich 
it and so to feed plants, and in fact plants 
are largely dependent upon these animal 
supplies. But they have no means of obtain- 
ing it for themselves. Animals can obtain 
their nitrates (in the form of proteins) by 
feeding upon flesh, but herbivorous animals 
must obtain it from plants and the plants 
must obtain it from the soil. 

To understand the links in the chain, we 
must follow what happens to dead plants 
and animals. When they fall to the ground 
they are at once attacked by countless 
bacteria (and to some extent fungi) which 
begin to feed upon them. This starts certain 
chemical changes, which we call fermentation 
and decay. The bacteria use some of the 
substance, and in so doing break up the 
mass into simpler things. More bacteria 
take up the work, one kind after another, 


(lightning) passing through the. 
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each kind supplying themselves with the 
energy they need, and at last the mass of 
decaying substance is turned largely into the 
simple, soluble nitrates which the plants 
require. This is what is happening in every 
manure heap, sewage farm, refuse dump and 
heap of dead leaves, or in the fallen bodies 
of birds and other animals. It may be helped 
in its first stages by other animals—the 
grubs of flies, burying beetles, rats and 
carrion birds. In hot countries there is no 
doubt these animals do a great service in 
hastening decay, for in a few hours nothing 
will remain of a putrid mass but clean, dry 
bones. 

It is worth while trying to understand 
something of this nitrogen cycle, whereby 
plants obtain nitrates from dead bodies, 
and living animals by feeding upon plants, 
and also realising the part played by bacteria, 
for it is literally on this activity that our 
life is based. Without the unconscious help 
of plants, including bacteria, and animals, 
man could not exist. We may represent 
the processes by the following diagram: 


„æ taken in by 
Plants 
Changed to 
nitrates Faten 
bacteria 
by bacteri if 
Dead bodies and 
excreta of animals 
Animals 
which receive 
nitrates 


Bacteria are so extremely minute that it 
requires some practice to detect them, even 
with a high-powered microscope. It is 
therefore impossible to show them to a class 
of children, but it is possible to show their 
presence in soil by their effect. We have 
stated that they cause fermentation of 
“organic” substances; that is, substances. 
which, form part of the bodies of animals or 
plants. Such fermentation during decom- 
position or decay is usually accompanied by 


ng smell Many of these smells are 
iar—the smell of sour milk, of "high " 
“meat, of bad eggs. Where animal proteins 
are being decomposed they are usually 
accompanied by very “bad” smells, and the 
ess is called putrefaction. 
Now if we take a little of several animal 
bstances, such as meat or chicken broth 
d milk, and boil them, we kill any existing 
teria and so sterilise the fluids. If they 
- are boiled in flasks or test tubes lightly 
lugged with cotton wool, the plug is 
erilised at the same time and, since no 
more bacteria can enter, no decomposition 
takes place and the broth and milk remain 
esh and sweet, 

At the same time, prepare a duplicate set 
of test tubes or flasks with similar contents. 
With forceps which have been dipped into 
boiling water, remove the plugs and drop 
into each a little garden soil; then replace 
the plugs. Leave the two sets of test tubes 
- for several days. Then remove the plugs 
= and smell the contents. The broth and 
milk which had soil dropped into them will, 
by their strong smell, show that putrefaction 


has taken place, while those from which 
. the plug was 


smell. 
Note.—If the sterilisation was not abso- 
. lutely carefully carried out there may be a 


slight smell, due to the entrance of some 
bacteria from the air, but even so the 
difference will be quite marked. 

Since the only difference between the two 
Sets of material is that one has had soil 

added, the inference is that bacteria have 
been introduced with the soil. 

Note, however, that we have 
this, but merely illustrated the effect of the 
activities of soil bacteria. 


. We owe our knowledge of the activities 


Pasteur, 
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and keeping 
er infection. 
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This leads to a few 
diseases. Though this 
with in hygiene less 
biology, the children sh. 
activities of bacteria 
that in the course of livi 
various kinds of bacteria 
beneficial or neutral in t 
having no effect one way 
that a comparatively 
taken up their abode in 


rather than in 
1 realise that the 
very wide and 
g their own lives 


r effects; that is, 
or another, but 


on the bodies of 


vords on infectious m 
] probably be deal | 


T 


may be either 


[o 


ape 


n 


ll number have ~ 


man and animals, and i doing, some— " 
by no means all—cause disease, for, ayn 
animals do, they form w products and 
it is usually these wast: ducts that are 
poisonous, just as an nal would be — 
poisoned by its own waste products if they J 
were retained in its bodv i ad of excreted. = 
It is difficult to give any impression of the Xj 
nature of bacteria unless they can be shown, s 
but the children may be told that they are 
exceedingly minute, movi: dies, spherical 2 
or rodlike or spiral in ipe, sometimes e 
attached together in chains, Fig. ror. They 
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BACTERIA 


are colourless bits of protoplasm, and they 
are regarded as plants because they call f 
take in only liquid food. The round onc 
may be about qa millimetre in dim 4 
while the rod-shaped ones may be wx | 
as qj; millimetre long, but it is difficult f 


to imagine what these measurements mean. i 
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They are very, very much smaller than the 
tiniest amoeba. A speck of dust might 
arry hundreds of them. 


LESSON UNIT II—BIRDS, AND THEIR 
IMPORTANCE TO MAN 


“his subject will fall into two parts, a 
theoretical and practical section studied in 
classroom, and out-door study under- 
ken by the children, with the object of 
learning to recognise common birds and 
/bserving the habits and characteristics to 
vhich attention has been drawn by the 
teacher. 
Understanding of the part played by birds 
n relation to other living creatures, and 
specially their relation to man, should be 
based on observation to have reality. It is 
iggested, therefore, that an introductory 
son drawing attention to the general 
aracteristics of birds should be given, 
followed by practical work, which would 
onsist of attempts to recognise and observe 
common birds, and an examination of 
stuffed birds, skeletons and feathers, in 
rder to understand the bearing of structure 
ıpon flight. The following points should be 
made clear and discussed in the introductory. 
sson: 


1. BIRD STUDY 


Birds, through their power of flight, have 
attained control of a much wider field than 
most other animals. This power of flight 
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is the clue to the special characteristics, 
both in habits and structure, which dis- 
tinguish birds from other vertebrate animals. 
It has made accessible great varieties of 
food, and enabled the birds to search a 
wide area rapidly in quest of it. It has 
enabled them to choose safe, hidden nesting 
places, not easily reached by their enemies. 
It has led to the habit of migration, so 
that birds can leave their native locality 
when shortage of food and hard climatic 
conditions set in, spend the winter in a 
milder climate where the worms and insects 
which are their chief food supply are not 
driven into hiding or killed by cold, and 
return, probably to their racial home, for the 
breeding season. 

Migration is not peculiar to birds, but it 
is a much more widely spread and systematic 
habit amongst them than amongst any other 
animals. Besides the migrants which seek 
a new country in the winter, there are others 
whose migration is limited to a narrower 
range. They move inland from the sea- 
coast (gulls, many waterfowl), from northern 
to southern counties, or from woods, coppices 
and hedgerows to the open fields, as, for 
instance, do the chaffinches. It is character- 
istic of many of the smaller birds to flock 
together in one sex during the winter, males 
in one flock and females in the other, and 
in some cases the flocks contain birds 
of different kinds (house sparrows and chaf- 
finches, or starlings, rooks and jackdaws). 
They search the ploughed lands particularly 
for food. 


2 pl 


DD) /) ) 


rin urged by the reproductive 
flocks separate, return to their 
ints, and each male seeks out a 
stakes a claim which he defends 
comers. Here he and his mate 
to obtain food and build a nest. 
foreign shores it is generally 
the males arrive first, Authori- 


of a bird’s song is first of all a 
to other birds to dispute its 
d later an announcement to the 


| maintenance assured to the 


sion of the bird's exuberant well-being 
lesire for a mate. 
variety of sites and materials chosen 
is very great. Usually, birds make 
ion from material near at hand, 
sometimes they bring back straw, 
twigs or feathers from a distance. 
Weaving and moulding of the nest is 
complished by beak and feet, according 
io an ancestral pattern ingrained in the 
ds mental heredity. To some extent it 
thought that imitation comes into play, 
. asit has been found that there is a tendency 
. for young males to mate with older females 
who have already had nest-building experi- 
ce. It will often be noticed that the hen 
bird decides the actual position of the nest. 
The writer has seen a pair of house martins 
dispute the exact spot under the eaves, and. 


S. 
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mate. No doubt it has other. 


help to retain the heat oí 
nestlings. 

The young birds need 
A pair of blue tits ar 
worked from 2.30 a.m. 


nstant feeding, 
orded to have 


8.30 p.m. and 


averaged twenty-six visit hour. Swallows 
are said to feed their y< once in three 
minutes. (Morris, Briti rds. Tt has 
been suggested that onc :dvantage of a 
northern breeding place i longer working 
day it allows for feedin young. Soft, 
easily digested, concentrate! food is usually 
provided at first, either «aterpillars, fat 
grubs and worms, or ally digested. 
grain. Pigeons have a cial curdlike 
secretion known as “pige milk." 


Although birds are equ 
specialised instincts beauti 
their needs, yet there seem 
in their lives for educatio: 


| with highly 
y adapted to 
be some room 

learning by 


experience. This is one o advantages — 
of their sheltered home lif Those whose 
nests are not on the ground . re hatched at 
a sufficiently immature stay to be able to 


profit by intensive individ 
education. Young birds are | 


and taught by their parents. in flight they 


are shown what to do, a |i 
urged to try their wings, and . netimes even 
pushed off a safe ledge into space. They 


seem to be guided in their ch: 
hen with chickens can be se: 
them to peck at the food sl 
them. 


Children are always interested in birds — 


because of their bright, attractive ways 


their song, their familiar presence in garden, | 
hedge and field, or on ponds, and the © 
mystery and excitement of finding their © 
nests. Tt is therefore with these familiar - 
aspects that the study should begin, leading 
later to some consideration of the character- - 


istics of birds as a group. Begin by noticing 


the points by which the commonest birds 


(the sparrows and starling) are recognised; 


then try to define the distinctive features of - 


other birds, especially the character which 
strikes you first. Notice (x) peculiarities of 


movement, (2) colours displayed in flight 


both eggs anda | 


| methods of 
h encouraged — 


at a time, - 
c of food. A 


io encourage — 
has found for i 


| 


c, 


— Tree Sparrow 


Yellow Hammer 


House Sparrow 


Chaffinch 
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COMMON PERMA: 
(For actual size see text.) 


w when it is at rest; e.g., 
ars in the wings of a chaffinch, 

back of a yellow-hammer, the 
eather at each edge of the tail 


. Introduction.—A good plan, suggested by 
Mr. W. P. Westell in his Bird Studies, is to 
ive to the children on a postcard an outline 
f some common bird such as a house 
row, and let them fill in the colouring 
| exactly as possible from observation 
during the week. (Mr. Westell suggests a 
on. They may be asked what they 
w of its colour, and then set out to 
verify their own impressions. Many will 
say it is a little brown bird. Ask how they 
would distinguish it from a robin, a linnet, 
any other small, brown birds that are 
common in the neighbourhood. Ask what 
. other birds they know and how they would 
recognise them. Get an account of some 
distinguishing feature of „each, and then 
suggest that the children shall try to observe 
other details during the week, 
. Referring to the house Sparrow again, 
- sk if the cock is like the hen in colour, and 
— whether young birds can be distinguished 
among the others. Give them two postcards 
with outlines, one for the colours of the cock 
and one for those of the hen. Suggest that 
they shall look for the colouring of head 
h and neck, breast, wings, back and tail. 
.. Find out what the children can tell you 
about the habits of sparrows and any other 
common birds. With the children's help 
make a short list of birds that can be seen 
in the neighbourhood, and then give the 
children a set of questions to guide them 
in deciding how they can be recognised, 
Questions. 
I, Where do 


you see the bi ? 
(Hedges? ird most? 


2. Does it come out 
in shelter? 
. Is it tame or shy 
. Do you see it o: 
Does it hop, wal! 
. Is there anythi: 
recognise its flig 
7. When does it get ind go to bed? 
8. Has it any striking colour? 
9 
o 


nto the open, or keep 


ground? 
'* run? r 
y which you can 


. Does it sing, or ! t any call notes? 4 
. What does it feed and how? 


d through, and- 
just compiled, 

wers to suggest; 
the class can be 
nents by further. 
red to give their 

Perhaps a fort- 
| in the meantime — 
a bird table, j 
; of attracting ii 
id the apparatus 
| set up. 


If the questions ar 
related to the list of ! 
many children will ha: 
and if these are discu 
asked to confirm the 
watching, and to be pr: 
answers in a later lesso 
night might be allowed, 
the possibility of setting uj 
bird bath, or other 
birds, could be considered 
could then be assembled 


ns made.—lhe 
lours of birds. 
fore the actual x 
would know how n 


Collecting of observat 
children’s notes on the 
might be looked through 
lesson, so that the teacher 


far they had been accurately noted and how — 
far they needed correction or more detailed ~ 
attention. 

Aim of lesson.—To obtain accurate n 
descriptions of the appearance and habits of ow 
specified winter resident birds; e.g. house | 
sparrow, chaffinch, yellow-hammer. 


Material—The teacher should have, - 
possible, coloured pictures of the birds und 
discussion. A very good series of colo 
postcards can be obtained from the Natur? = 
History Museum, South Kensington, for ad. 3 
each. If stuffed. specimens are available, 4 
their legitimate use is to help in recognition E 
and to give an opportunity of close observe E 
tion when the living bird has already bet? = 
watched. It is desirable to have a 800) = 
reference book, to which teacher ae - 
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children can turn for information on any 
doubtful point. The sooner the scientific 
is acquired, the sooner the children 
attain confidence and serious interest. 
Dr. Sanders’ Oxford Book of British Birds 
is an excellent book at a moderate price. 
1. Refer to the colour notes sent in 
bird diagrams) and make any comments 
hey require. Build up, with the children, 
colouring of the house sparrow. (The 
same diagram enlarged for the blackboard 
vould be useful, or a tabulated summary 
could be made.) Then refer to the sheet of 
questions and let the children offer informa- 
uon, 
Amongst other points, the following would 
emerge:—the house sparrow chatters or 
hirps loudly and continuously in the early 
morning and at dusk, that is when it gets 
up and when it goes to bed. It should be 
noted that the time varies with the time 
of year. It also chirps excitedly if it is 
‘med or angry. It hops on both feet at 
‘e. Short flights from a roof to the ground 
ire direct and straight, but in flying horizon- 
tally it rises and falls in short jerks or 
curves, spreading its wings and then shutting 
them forcibly as it sinks on the curve. This 
is characteristic of all the finches, of which 
the sparrow is one. The yellow-hammer has 
a similar flight, but more sinuous and less 
jerky. Compare this with the straight, 
strong flight of the starling and blackbird, 
or the sweeping curves of the swallows, 
house martins and swifts (which cannot be 
seen in the autumn as they have left us). 


The house sparrow will eat almost anything ` 


—crumbs, bits of fat, grain, and in the 
spring our newly-set peas and grass seed. 
Notice its short, strong beak, very broad 
at the base, which enables it to crack seeds. 
Notice, too, how wary it is when feeding, 
although it is so tame. Its head moves 
from side to side, it never stays long in one 
spot on the ground, and it seems to see 
every movement and hear every sound. 
The male has a black bib; the female and 
immature birds have not. The young birds 
are lighter coloured. 
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9. Using these details as a basis, compare 
the house sparrow with each of the other 
birds under observation. (Notes on some 
common birds are appended, as different 
selections may be made.) Probably only 
about three birds can be dealt with in one 
period. If it is possible to enlarge the list, 
leave further discussion and any attempt to 
generalise till a later lesson. If the list is a 
short one, it may be possible to proceed 
further in this lesson. 


NOTES ON COMMON PERMANENT 
RESIDENTS—HARD-BILLED 


HOUSE SPARROW 


Appearance—The male.—Length 6 to 64 in. 
Plump body and short tail. Rounded head, 
short broad beak. Four toes ending in 
claws, one turned backwards, as in most 
birds. Head dark slate-grey, neck chestnut, 
breast grey, with a black patch over chin 
and throat. Back, tail and wings mingled 
light, dark and reddish-brown, the tail being 
the most deeply coloured. Some of the 
streaks nearly black. Across the wings is 
an oblique whitish or pale fawn bar edged 
with black, very clear in flight.. (This 
distinguishes it from both male and female 
tree sparrows, which have two such wing bars, 
and a chestnut head, They both have a 
black bib, which is more extensive round 
the eyes than in the house sparrow.) 

The female.—Smaller, 5k to 6in. Paler 
colouring, less red. No black patch on 
throat. 

Young birds.—Like females, but paler, 
and plumage often not so smooth. Attain 
adult plumage after autumn moult. Allhave 
duller appearance in winter, owing to dusky 
fawn and grey tips of new feathers. 


Habits.—Lives on roofs of houses, in 
streets and gardens. Bold, cunning, alert, 
not easily daunted. Very pugnacious. Food: 
omnivorous, chiefly seeds and grain, but kills 
many flies and butterflies on the wing, and 
collects enormous numbers of caterpillars 


over 3,000 caterpillars and wire- 
| week. The general impression 
arrows are wholly injurious is 
h they do take a large toll 
ig seedlings. They destroy 
other- flowers, probably in 
jute insects inside them, but 
wantonly, as they seem to choose 
d brightest-coloured flowers. 
athing and dust baths. 
but monotonous, loud chirping, 
ant for long periods morning 
vening, and if excited. They hop on 
ound on both feet, or give little leaps. 
undulating, except for short distances, 
y rising or flying down to the ground. 
ey start their flight with several quick 
with wings spread and feathers 


Tho 


ng.—Three, sometimes four broods 
a year. Nest under eaves, in chimneys 
id spouts, or in old or stolen nests of other 
ds. Eggs, five or six, greyish-white, with 
brown streaks and spots. Vary in 
about fin. to nearly rin. Nest loosely 
| untidily made of straw, hay, wool, 
eathers, sometimes twigs. Cup-shaped and 
variable, about 6 in. across, sometimes much 

re. Both parents attend young until 
ledged, then the father looks after them 
le the mother prepares for the next 
E brood. All the broods remain in the neigh- 

bourhood of the nest. While the mother is 
sitting, the father and any young which 
_ have left the nest, roost somewhere near. 


CHAFFINCH 


 dove-grey farther back. In flight, white 
i White marginal tail 
ous. Forehead black. 


; into olive. Damm 

vn and lead Colour), - 
wings as well as 
v mentioned, The 
;andsome, and the 

appears exotic — 

ften mistaken for — 
observers, but is 
s colour, though 
rose-crimson of 
blue-black of tail 
which is seen 

| gardens rather ` 
populous places 


Back chestnut, me: 
wings and tail (olive, ! 
with a yellowish bar 
the white markings : 
bird is very shapely 
bright spring colo: 
amongst our birds. It 
the bullfinch by ca 
very much commone: 
bright, has not the 
the breast, nor the ¢! 
and wings of the b: 
in secluded woodland 
than in the open 
frequented by the cha l 


The female.—Sligh: naller, paler in 
colouring. Head gre live, not blue, 
breast pale fawn or gi fawn, with just 
a tinge of red. Two \ bars as in male) 


but less conspicuous. 
Young birds.—As fem 
moult. All duller in tl: 


till after autumn 
nter. 1 


‘es and trees, in — 
hed fields in the — i 
ter in the winter t 


Habits.—Seen about ! 
the open stubble and | 
autumn and early wint« E 
they go to the stackyar: search of grain i 
(wheat and oats parti y). They rM 
great help in clearing the soil of the tiny — | 
seeds of all kinds of we: on which they ~ 
feed largely. They feed on the edges of the 
cornfields when the corn is ripe and have 
been seen to shell each grain before swallow- 
ing it. They will destroy carly crops 9 
onions, radishes and othe: vegetables, ani p. 
flowers such as polyanth On the other — 
hand, besides the seeds of weeds, M 3 
destroy leaf-rolling caterpillars which infest — 
fruit trees, and many other species, when j 
feeding their young. They are very watch ee 
and utter a quick alarm note. In the winter - 
the flocks are generally either male M | 
female, and they are probably to o 
extent migratory, passing from northern 02 
southern counties. It is possible that those 
which are seen in the north during the winter 3 
have come from other northern countries: 
(Linnaeus observed that flocks of femal 3 
left Sweden.) They are amongst the earlies 4 
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irds to sing, beginning early in February, 
| have a cheerful short phrase, ending in 
a quick run— ‘pick, pick, pick, pick, little 

ar.” In the spring they have the habit 
ging from one place, and very persist- 
often fairly high up in a tree, but not 
a thrush, which stands clear on the 
shest twig that will support it. The young 
maies begin to sing at about the beginning 
of August, singing an incomplete song at 
fir They move like sparrows, with short, 
quick hops, and their flight is similar. 


Zreeding.—Two broods are hatched, one 
about the middle of May, the second by the 
end of July. The nest, completed about the 
end of April, is usually in small trees, such 

it trees; sometimes in tall hedges. It 

is placed 6 to 12 ft. from the ground, some- 
i ; higher. It is a neat, compact cup, 
ed in a fork of branches. Fine materials 

re used, chosen from what is available in 
neighbourhood, so that they vary to 
extent. The outside is of grasses, 

l stalks and roots, tightly interwoven 

1; wool, spiders’ webs, or other fine fibres. 
upper edge is very neatly woven, the 

ing being 13 to rl in. across. It is lined 
hair, with a few feathers added some- 

A very characteristic feature, which 

s it easy to identify but not to detect, 

he outer covering of bits of lichen and 
oss, taken from the tree in which it is 
built and therefore disguising it very com- 
pletely. It has been found by different 
observers to take from six days to three 
weeks to construct, then the female sits for 
cleven or twelve days, and after tbe young 
birds are hatched the male helps to feed 
them. During the brooding time he guards 
the nest and will try to beguile intruders to 
follow him away from it by cries and flutter- 
ings. Both behave in this way when the 
young are hatched. There are four or five 
eggs, rounded oval, about Jin. long, dull 
bluish-green, clouded with dull red, slightly 
streaked and spotted, rather variable. When 
the young leave the nest they follow the 
parents and are fed for some days, and by 
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the time they are fledged have begun to 
feed on grain. 


YELLOW-HAMMER (YELLOW 
BUNTING, YAFFLE) 


Appearance — The male.—Length, 7 in. 
Bright yellow head, neck and throat lightly 
streaked with olive or reddish-brown, and 
alittle dusky black on the head. The amount 
of yellow variable, more extensive and paler 
in older birds. Back bright reddish-brown, 
deepening to orange-brown near tail. Wings 
deep reddish-brown, olive and dusky, with 
grey and yellow underneath. Brightest in 
the spring. The rusty red of the back very 
conspicuous in flight, which is undulating 
but strong, and with longer, shallower 
curves than in sparrows and chaffinches. 

The female.—Slightly smaller. Colour 
much less conspicuous, and duller. Very 
little yellow, confined to forehead and 
breast, and obscured by dark streaks and 
dull olive colouring. General impression 
dusky brown-olive, with dark streaks and 
lighter back and tail. The reddish colour is 
seen on the back. r 

Young birds. — Dull yellowish-brown, 
streaked with dark brown, and yellowish- 
grey streaks beneath. Assume yellow head 
after autumn moult. 


Habits.—Very characteristic of hedges in 
open cultivated country, and of gorse and 
broom on sandy commons. Almost strictly 
grain feeders. Flock in the winter in families, 
parents remaining together, but associating 
with birds of other kinds. Song a series of 
short, rapid notes with a long drawn out 
final note, familiarly given as, “A little bit 
of bread and no ch-ee-ee-se." Beginning as 
early as February they sing perched on the 
top of the hedge, with the tail bent down- 
wards. They are often to be seen sitting 
very still for a long time in this position when 
not singing. 


Breeding.—Nest usually (though not invar- 
iably) low down in the hedge or on the 
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5 ground at the foot, sheltered by a bush or 
clump of grass. Moss, roots, small twigs, 
hair, are used. It is compact and well-made, 
but not nearly so neat and strong as that of 
the chaffinch. Note that nests on the ground 
or firmly supported are not so strongly and 
firmly made. Eggs three to five, pale purplish- 
white with thin irregular zigzag streaks and 
blotches of dark reddish-brown, as if a child 
had scribbled over it with a fine pen (some- 
times called the scribbling lark or scribbling 
bird. Length $in. The male feeds the 
female carefully during incubation, and 
takes his turn in sitting upon the eggs. 
The young begin to fly in the middle of 
June. 


3. RESIDENT WINTER BIRDS— 
SOFT-BILLED 


Introduction—A week or so before the 
lesson, after observations on sparrows, 
chaffinches and yellow-hammers have been 
discussed, give the children a list of other 
birds to look out specially, These might 
include such birds as the song thrush, 
blackbird, starling and redbreast, and (if 
they are known to frequent the neighbour- 
hood) mistle thrush, blue tit and great tit. 
Suggest that similar observations to those 
already made shall be carried on. Similar 
notes and other records might be made. 

1, The class lesson would proceed on the 
same lines as the last, the teacher filling out 
the children’s observations after discussion 
has taken place, and giving further informa- 
tion which they can later try to verify. 


TEACHING IN PRACTICE FOR SI 
As thrushes, blackbi: 


been watched, they v 
seen pulling worms oi 
eating them. The t 

seen breaking snail 

them on a stone. A pi 
used frequently, so t! 
it is littered with bro! 


difference in shape b: 
these birds and those « 


chaffinch or yellow 


long, slender and sharj 


tit and great tit < 
beak with which the 


contents of buds. The 


tinguished as the Soft- 


those which feed chiefly 
worms, snails and frui 


feed on grain, har 
bird's sharp, narrow be 


its victims, or pick them 


the broad, strong bea 
of nutcrackers. (The 
follow will help the 


further points for stud 

9. A bird chart might 
the winter, and the < 
newcomer 


notice when 


when pairing begins, w 


sing, how many can be 


same spot at the same t 
territory), and they wo: 


to brighter plumage. 


nests can be collected : 
children can find out 
structure and characterist 


VIORS 


r starlings have 


obably have been 


the ground and 
may have been 
by hammering 
lar stone may be 


he ground round 


ells. Notice the 
n the beaks of 
house sparrow, 
ier. They are 
inted. The blue 

a thin, sharp 
it insects or the 
) types are dis- 
ind. Hard-billed, 
ft food (insects, 
id those which 
and nuts. The 
1 stab or impale 
like fine pincers; 
e used as a pair 

on birds that 
ier to indicate 


cept throughout 
n would then 
gin to arrive, 
birds begin to 
1 singing in the 
each day (the 
ote the change 
o or three old 
examined, the 
mething of the 
of some common 
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d wi 

; and above all to 
“not to frighten the 
ouch them, as the 


| if a nest and eggs have 
they will often desert 
the young ones are hatched. 
egg collecting, unless the 
o think that the children 
is probably best to deal 
"by enlisting the children’s 
| friendliness towards birds. 
n are interested in watching 
| they are likely to wish to 
them, but the collector's 
g and the question is sure 
time. It calls for reasonable 
nt and discussion. A ban on collecting 
ly do harm, as it will lead to secret 
and any attempt to penalise a child 
ng public opinion against him may 
ig of resentment, since there 
m-up collectors who claim to 
and pride themselves openly 


and 


songs of birds can be gradually learnt 
Pre. and solitary listeners. How- 

he teacher can do something to help 
ildren by telling them where certain birds 

to be heard, by incidentally calling 
tion to the songs of common birds 
ver they can be heard about the 
by suggesting that children who are 
terest d shall try to imitate some of the 
ngs with the help of bird whistles, and 
aps by encouraging some of them to give 
“concert.” There is probably no need to 
refer pues n pene broadcasts 
1 bird song notably those of Professor 
Garstang) which have been given from time 

) time, with imitations and gramophone 


RESIDENTS SOFT-BILLED 
SONG THRUSH 


—Male and female alike. 
Nut-brown or olive-brown, 
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*south for the winte: 


ist spotted with dar 
spots forming long — 
mistle thrush they — 


pale fawn to white b: 
brown, many of the 
streaks, whereas in ! 


are short, nearly round, or arrow-head i 
shaped. M | 
Young birds.—Yc! 


wish, upper pail 
flecked with buff. 


Habits.—lhough mony are winter resi : 
dents, especially in towns, there is no doubt 
that a great many migrate, either farther 
or to other breeding 
ost the whole year 


places. They sing 
be heard singing 


round, and can often 
joyously in January or February when - 
there is a warm, bricht spell. Their TN 
varied song, with i repetitions of short 
phrases and notes, ceeds no description. 
They will often sing (rom the top of a high 
tree. 


Food.—Worms and slugs, and snails | 
which they break open by hammering them | 
on stones. Fruit occasionally. They will 
patter all over a lawn, and the earthworms $ 
rise in response to the vibration as they do 
to rain, and so are caught unawares and | 
snapped up before they have time to hook 
themselves into their burrows. They have 
a preference for cultivat d fields and gardens, 
probably because worms are nearer the 
surface and frequently turned up by the 


plough or fork. 


Breeding.—The nesting places chosen are — 
variable, though most frequently in à bu: 
or tree. The fairly compact nest of grass am 
fine twigs is lined with mud, kneaded E 
a hard cup and bound together by bits E 
straw, dung, or decaying wood. Eggs, 1°! 
or five, blue with black spots, about Im. 


long. Nest building begins E A TS 
fi sually laid in March, 
, first eggs are usua!) ee. 


or three broods are reared in 


MISTLE THRUSH 
.. ig larger than 
bird 15 g ge 


Appearance.— This 
: r, with more 


the song thrush, greye 
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lish spots on a lighter breast, and white 
parts which show distinctly in flight. 


Tour 
und. 


Leng 

» 
with ate buff spots. Note that in many 
birds the young have spots more generally 
distributed than in the parents, and may 
have spots when the parents have none; 
e.g., young robbins, 


Babits.—It feeds especially on berries, 


and is said to derive its name from its love? 
of mistletoe berries, though it also feeds 
on worms and snails, It is common in wilder 
country, especially in hilly country. It is 
sai! to have ousted the song thrush in 


locaiities where they have come into com- 
petition. It is a vigorous, pugnacious bird, 
called the “stormcock” from its habit of 
through stormy weather. Like the 
and fieldfare, many come to the 
s f England in the winter, returning 
farther north to breed: 


singing 


ding.—They breed even earlier than 
g thrushes. Mr. T. A. Coward records 
aces of the birds being interrupted by 
snow filling the nest, and going on 

when the snow had melted. Eggs 
r than those of the song thrush, about 
White, suffused with green or brown, 
spotted with dark purplish-grey or 
Usually two broods. 


dq 


BLACKBIRD 


Appearance—The  male.—Length, roin. 
Glossy black plumage, occasionally blotched 
with white or nearly all white. Bright 
orange beak, long and daggerlike for impaling 
worms and soft insects, or acting as forceps 
in holding them. 

The female.—Dark brown, with a paler 
breast streaked with black, suggesting a 
thrush, but darker. Beak also brown. 

Young birds.—Lighter brown, with some 
streaks. The beaks of young males are dark 
until the second year, when the adult 
plumage is nearly complete. 
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Habits.—Found in hedgerows and bushes 
chiefly, and in garden shrubberies, coming 
out into the open to feed on worms but 
retiring on the least alarm. Flight straight 
and vigorous, rising rapidly from the ground 
and often flying low for some distance. 
Runs and hops on the ground, often flirting 
its long tail. 


Food.—As the song thrush, to which it is 
nearly related. 


Song.—Its beautiful, deep song contains 
rich, pure notes and low gurgles and chuckles, 
of somewhat the same character as that of 
the thrush, but lower, less varied, and 
without the many repetitions. It lasts for a 
shorter season. It has in addition a low- 
pitched, loud chatter or rattle when alarmed, 
angry or excited, very startling to hear 
unexpectedly, and a warning of danger to 
the whole neighbourhood. 


Breeding.—Nests in bushes, trees or hedges. 
Nest made chiefly by the hen, of grass lined 
with mud and then grass again, thus differing 
from the thrush’s nest. Eggs, four to six, 
about rin. long, pale greenish-white, finely 
dusted with dull red. 


FIELDFARE 


Another member of the thrush tribe, 
common in many parts of England in open 
fields, especially ploughed fields, in the 
winter months, when large flocks may be 
seen. They retreat farther north for the 
breeding season, usually about March. They 
are larger than the mistle thrush, and have 
a grey general colour, due to the slate-grey 
head and rump conspicuous in flight, together 
with the warm chestnut back. Seen standing 
at close quarters they are more thrushlike, 
with rich brown throat and pale underparts 
streaked with black, and in the winter head 
and rump also. The beak is dark brown in 
the winter. They are larger than thrushes, 
about roin. long. Food is similar to that 
of other thrushes. They work very system- 


c roost all together 
ise and fly together if 
ing loud, harsh alarm cries. 


x 


REDWING 


its) appearing and feeding in 
laces, often with flocks of field- 
istinguished from the thrush 
tawny red colour of the underwing, 
sides of the body, showing especially in 
fight, and by the long narrow streaks which 
the place of spots. 


_ STARLING 


ce.—Length, 8} in. Colours differ- 
summer and winter. Male and female 
ut female rather duller. Summer 
glossy, metallic purple, blue and 
uunshine, looking duller and blacker 
il day. Beak lemon-yellow. In 

ips to the feathers give it a 
pearance, much lighter and with 


.. Habits. —Gregarious birds, collecting into 
large flocks as soon as the nesting season is 
over, going to a common roosting place at 

i like rooks, to which they are distantly 
ated) and searching the fields and gardens 
by day. Many are permanent residents, but 
: thers are birds of passage, or summer or 
inter residents only. 


Song. Very wide range, rich whistli 

e Tange, rich whistling, 
kling and bubbling notes, but capable 
tating the songs of most other birds 

d any noise that attracts them. 


iode) nest in holes almost 
P c My pots, caves, haystacks, 
walls—making a loose, untidy nest 


¿deep blue head 


about rin. long, pale blue, laid in Apri 
A second brood is reared. ar 


BLUE TITMOUSE, BLUE TIT OR 


TOMTIT 


Appearance.—.!/;/; and female almost 3 
identical, but female slightly smaller and. | 
duller. Length, 4}in. Distinguished by ~ 


| white cheeks, with a 

black line passing across the eye and 1 
encircling the checks. Back yellowish-green. 
Sides of neck and breast yellow. Tail blue, 
with a white bar conspicuous in flight. A 
short, plump body, with slender, bluish-grey 
legs, and short, sharp beak used as fine © 
pincers for picking minute insects out of - 


E 


crevices. Distinguished from the great tit 
at a glance by its size (it is more than an 
inch smaller) and blue head. 


Young birds. h yellower. 


iefly amongst trees, pick- 

from bark and leaves, 
small moths and flies flying about, or small 
caterpillars swinging from the branches on 
threads, aphides, and leaf-pests of all kinds. 
It destroys numerous buds in the spring, 
possibly in search of insects, though this 1s 
unproven. It is oíten seen swinging on the 
fragile twigs of birch or elm trees and fruit | 
trees, and will hang upside down or in any 
position. Quick, jerky movements which 
explain the name of “titmouse.” Takes 
short, rapid flights from tree to tree, with 
quickly-beating wings. 


Habits.—Lives c! 
ing out tiny inse 


Song.—A rapidly repeated, tinkling note. 


Breeding. —Selects a hole in a tree for its 
nest, and fills it up with moss to the required 
depth if it is too deep. Returns to the sm 
hole year after year, and takes rem f 
a nesting box. Nest a mossy CUP, ps 
with wool, hair or feathers, contains x a 
seven to twelve eggs ( SEN 
laid by more E 
lin. long, white wit 
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bird will make a hissing noise if anyone looks 
into the nest when she is sitting, and bite 
if a finger is inserted. 


GREAT TIT 


Ayvearanee.—Length 5}in. Similar col- 
to blue tit but much less blue, and 
conspicuous black head, neck and bib. 
vellow to olive-green, passing into 
^-grey. Tail and wings blue-grey, with 
icuous white wing bar. Breast and 
parts yellow. Much.duller after the 
moult, assuming bright spring 
rs as tips of feathers wear away. Male 
vale alike. 
ing birds .—Duller. 


3ts.—Remain with us all the year. 
with other kinds during the winter, 
hing the trees, fallen leaves and mast 
iood. Come to the ground much more 
the blue tits. Daring and pugnacious, 
: the sharp beak to attack birds as well 
osects, and said sometimes to kill a 
ler bird by driving its beak into the 


Food.—All kinds of small insects, especi- 
ly larvae and leaf-burrowing insects such 
ingle galls on leaves, and even the 
galls of the oak, which, Mr. Coward 
, are often pecked to the central 
imber to extract the larva inside. Nuts 
id seeds are also eaten. Both tits will eat 
ive bees as they emerge on the threshold 
the spring. 


Song.—Known as the ‘‘saw-sharpener,”’ 
e two quickly repeated up-and-down notes 
und very much like a tool being sharpened 
a stone, or a wire fence being tweaked 
someone swinging it. Mr. Coward gives 
is ‘‘pee-lar, pee-lar." It goes on insistently 
¥ long periods, sometimes with another 
fickly-repeated final note or varied by 
fuses which make little phrases. 


reeding.—Similar to the blue tit, in 
les in trees, with a large clutch of white 
L—VOL. II-S 
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red-spotted eggs. These are larger than 
those of the blue tit, about #in. long. It 
has the same habit of hissing and biting. 


ROBIN OR REDBREAST 


Appearance — Male and female alike. 
Length, s$1n. A neat, trim little bird, 
standing very upright on rather long legs. 
The scarlet breast is the adult's chief dis- 
tinguishing feature, merging into light fawn 
and dove-grey, with a rim of blue-grey 
separating back from breast. Bright black 
eyes, slender pointed beak. 

Young birds.—For some time speckled, 
with much the colouring of a thrush. 
Gradually lose the speckled appearance, 
becoming more like adult, attaining mature 
plumage after autumn moult. 


Habits.—Found especially in cultivated 
places, hedges and gardens, and readily 
come to a bird table or hop round where 
digging is going on. Remain with us summer 
and winter, and are astonishingly friendly 
and tame, 


Food.—Insects chiefly, and small worms, 
but soft berries (haws) and even seeds are 
eaten. 


Song.—Begin to sing in the second year, 
at first an incomplete song, then the charac- 
teristic sweet, high and varied tune. They 
give also a series of quick notes at times 
like the opening and closing of scissors, and 
a variety of short alarm notes and call notes. 


Breeding.—Build in ivy, old walls, bushes, 
or in any kind of receptacle that offers a 
hole (they have been recorded in old cans, 
discarded hats, pillar boxes). Eggs, four to 
six, about $in. long, pale greenish-blue, 
finely speckled with dusky green or brown. 
The young clamour for food incessantly, and 
are constantly fed by both parents, who 
bring four or five caterpilars at once. 
Chiefly fed on soft larvae. Frequently two 
broods in the year. 


‘no doubt that birds developed 
d of lizardlike reptile, leaping 
nongst the trees of the mesozoic 
when great reptiles flourished 
th. Further reference will be made 
|a later lesson. At that time dry 
emerging, and living creatures, 
always made their homes in the 
were, so far as we know, for the first 
eginning to emerge from the water to 
and colonise the land. It was à 
on of swampy forests and jungle, probably 
h a hot, steamy atmosphere not unlike 
at rain forests of the present day. 
bly there were also barren uplands 
ch could as yet hardly support life. 
les of many different kinds were 
ndant both in the sea and in the swampy 
dragonlike carnivorous forms, flying 
gons, and all sorts of smaller kinds. 
— Probably amongst these smaller animals 
— were the ancestors of both birds and 
ammals, neither of which had as yet 
de their appearance. 
Towards the end of this period the first 
true birds seem to have appeared. They 
are represented in fossilised form in the 
- rocks, and some of the earliest were divers 
rather like the present-day gannets, but 
"they differed from any modern birds in 
. having teeth. 

The earliest bird appears in certain mesozoic 
limestone rocks of Bavaria, where two com- 
plete skeletons have been found. 
One of these is in the British 
- Museum. This bird has been 
given the name archaopteryx, 
which means ancient bird or earli- 
est bird, Fig. 102. This bird is i 
— regarded as a link between modern 
_ birds and reptiles, for it has the 
_ drawn-out beak of a bird, the skull 
_ is birdlike, it has wings, and in the ` 
rock are impressions of feathers. 
But the beak is provided with 
needlelike teeth like those of a 2 n 
lizard (Fig. 103), it has a long Fic, 103. SKULL OF ARcHmorreryx (NOTE aue TEE 


Fic. 102. A ĽOPTERYX 
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tail like a lizard (though feathered). and 
instead. of the wing ending in a single 
pointed bone, bearing feathers, it has three 
distinct fingers, like claws. 

Let the class examine the skeleton of a 
bird and a stuffed bird, in order to see what 
special adaptations of structure fit birds for 
flight. Pigeons are useful examples, Fig. 104. 

A heavier-than-air flying machine has 
certain constructional points with which 
children will already be familiar. It is light 
jn weight, the body part is rather small and 
not bulky and is pointed at both ends to 
offer as little resistance as possible to the 
wind. But resistance is offered by lateral 
planes, and it is the pressure beneath these 
which buoys up the machine. All these 
points find a parallel in the structure of a 
bird. The wings form the planes, and must 
combine a large surface and long cutting 
edge with lightness. Feathers are an ideal 
Covering for lightness and, in addition, by 
clinging closely to wings and body they offer 
scarcely any resistance to the air, protect 
the body from cold winds and, being non- 


a 
! 
Fic, 104. 
hig c. Skull. b. Eye socket. e. Upper “arm” bone. 
j. Rib, k. Process which projects backwards from rib. 7, Hip girdle. 
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conductors of heat, conserve the body 
heat, 

Note the important difference between 
wings and the planes of an aeroplane. Wings 
provide the engine power as well as the surface 
for flight. The heart and the wing muscles 
are the energy-producers which carry out 
the wing-stroke. This accounts for the 
great development of breast muscles, for 
these are the wing muscles. The major 
muscles draw the wings down, while smaller 
ones are employed in raising them. 

Now turn to the skeleton. Notice the wide 
breastbone, with its strong ridge or keel. 
It is this that supports the great flight 
muscles. The cagelike skeleton of the trunk 
encloses the vital organs and protects them 
against injury from the great air pressure 
to which they are subject during strong 
flight. Notice that the ribs are held firmly 
in position by means of small backward 
projections, which are held down by liga- 
ments. At the same time their limited 
power of movement makes breathing some- 
what difficult. We find, however, that the 


[Reproduced by courtesy of the British Museum (Natural History) 


Rock PIGEON AND SKELETON 


d. Lower “arm” bone. e. "Wrist." f. "Hand" bones. g. Knee, h. Foot. 


m. Keel of breastbone, m. Socket of leg bone, 


158 TEACHING IN PRac 
lungs f birds are Supplemente Y air sacs 
Which enable extra Stores of air to be taken pass through but 
in; the ac ion of emptying the lungs during Made the fe t 
expiration causes the fresh air In these sacs Passes betw 
to be drawn through thi ungs, so that there decreaseq It Seen ] 
I$ Said to be a double tide of fresh air during and downward strokes Were eq, 
both Phases of breathin E 
Y bird's bones are ho 


they would Neutralise 
llow, another Means It is probable 
‘ceping down Weight. 


» however, that the 
bility of Separating the ds 
‘once the peculiar wing bones, Fig. IOS, connected with the Prevention of « tal 
re is no doubt that these haye been '0] 
l by the fusion and 


or Side-slipping. à danger to which 
‘i are subject, and that the openings b 
of hand and finger bones; them Correspond to the slots in ap. eroj 
wo fingers are repres wing, in function, , 
nall remnant called the bastard wing, The class Should examine > 
vo fingers are fused together to make carefully and make Sketches of 
ort for the wing feathers, for it how their Structure helps flight, Fi 
it the wing-planes shall be rigid. The two main types are the Jay 
children to watch the flight of wing and tail feathers concerned 
'ry to analyse the strokes, It (the tail feathers in st | 
that it is the downward stroke usually called quills, and the c 
8 against the air, forces the 
while the upward movement 
he wing back into position 
The downward Stroke 
ith great force. As the great 
contract and draw the wing 
ill feathers form an impervious 


ry type 


t} 


Secondaries 


FIG. 
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Fic. 106. GROWTH OF A FEATHER 


papill cket, 
i i feather, surrounded by a shallow soc 
& Rd oes R E arbor EEE Feather; F. Socket or follicle). 
D 


D, E. Barbs forming. F. Shaft elongating (V. Barbules), 
| E. 


_ A typical feather consists of 
i lore part forming a stalk 
of quill, continuing into an 
upper part, the shaft, from 
which branches or’ barbs pv 
out laterally, forming the we 
w vane, The bate are all 
held her by means of 
barbules (Fig. 107), 
1 ‘are lateral branches from 
‘the barbs. It is this interlocking 
j makes the web imper- 
toair, The mechanism is 
bestabeqip: The barbules on 
the side furthest from the quill, 
Called the distal barbules, are 
provided with small hooks, 
those on the side nearest 
ha the proximal bar- D 
we a slight ridge or 
into gi 


ockin 


: on Ns 
3 d of the G. 107. BARBULES, SHOWT 
barb : A, 


er! A; Troximal and distal sage tes inter 


NG METHOD or INTERLOCKING 
ocking of two barbules, 


cking (diagra $ 
. Proxima] barbule, D. Dista p teton thowney 


16 
° TEACHING : 
The down M 
Most covert jos found at the bag R - 
b. À athers have e of It isa T 
irbüles and so are quite f, no hooks on the Ma feeder; tartin 
fluffy appearance. € Iree, giving them a dnd NUS E the wh 
z y S an staci * 
attack the wint 
potatoes if it Ms ; 


5. E i 
ECONOMIC IMPORTANCE OF BIRDS buds off trees, 


“ome study of birds for 
* cause of the interest thy : 
v now w M E i 
| yn d ntoa consideration M s p M * 
portant part they play in the view, it tae E. | 
their Value as food i i 3 2 Bu m: a ue. 
tives d ; indirectly because of its attacks on " 
b : Y considerably, especially just before the | m 
many of them feed upon birds desert all their oth, 
the seeds of weeds which to the fields Tul setae b 
ike a very heavy toll of their buds dnd od Wd 


rest trees. 


: x They may also f : 
lerable difference of Opinion drain p Me i 
of particular birds in this by dris, oe Gutters with their 


_ by driving away insect-f 
not Dy any means easy to | swallows and martins and taking | 
between their good deeds ing sites, ; x 


cds. The fruit grower sees On the credit side, sparrows 
ds and other birds maraud- young D Mw 
rchards or currant bushes, the injurious leatherjackets, 
to persuade him, or the thing towards "keeping down 
nds his young peas and cabbage butterflies; they also 
ces that the culprits are seeds of weeds in their diet. 
it at other times these same Starlings are also birds which 
‘terpillars and other grubs, siderable loss to fruit growers 
counterbalancing the harm They not only visit orchards in gre 
Ihe only scientific way of but fields of sprouting grain are 
tion is by careful investiga- en masse and the young plants pulled uy 
eding habits and examination . ^ The case of the starlings and spa 
of birds’ crops. The National draws attention to a point of great 
Protection of Birds is in considering the relationship of b 

eries of charts based on such man’s life, and that is that so lon 
howing exactly on what food numbers are moderate the h 
live, and. the proportion “of negligible, because the nat 
ts or seeds of weeds. The food other than crops will pi 
Agriculture and Fisheries has 
tuted inquiries and published a 
idvisory leaflets on different birds 

the wuidance of gardeners and farmers. 

| M. Stationery Office, Is. 6d.) 

birds which, in the popular 

- "do more harm than good," the 
i pigeon has undoubtedly a high place. 


starlings in the last twenty-five y 
England, their feeding te 

and they concentrate on the easily 
food provided by man. 4 
doubt that in the case of pig 


Ar 


POR 


Me 

BIOLOG pIN THE 
E mike numbers need to 

c it and gardeners ate 


"y is important to 

to interfere with 

iscriminately or 

fci . Attention has 
oe rier in this course to the exist- 


ny chains, the interdependence of - 
; icm animals for food. Tf too 


such as starlings 

in the conviction 
damage to crops, then 
make their appearance. 
severe winter some years ago 

nen birds were dying of starva- 

: wes, there followed plagues of 
rs which stripped trees of their 
Oak trees in particular suffered in 
ertain districts. Moreover, it is not always 
‘true that “‘secing is believing." A farmer 
dead rook to a certain biologist, 

| say these fellows don't eat 
jut I shot this one in the act!” 
being opened, it was found to 
‘of potato, but of leatherjackets 
larvae) which had been feeding 


vstural conditions birds and beasts 
j check too great an increase of other 
oan birds. Such creatures 
|; sparrow hawks, weasels, 
d badgers, rig age all kinds of 
e- e and birds chiefly—which 
Aw might multiply sufficiently to 
ne pests to man. Gamekeepers are apt 

Eu these creatures as absolute 

but there is a useful side to their 


ety of ees birds 
regarded , and encouraged. 
of trees and shrubbery, E 
eens, the placing of nesting boxes 

i Add encouragement to them to 

| inhab à neighbourhood, all help 

xs Eum insect raiders. 


are on the whol 
=e the numbers of Wee Ei 


Sy a 


a.. 


cae 


_warblers—garden and 
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` The Ministry 
oint out that 
Parrows do not apply t° 
which are not nearly so nu 


hich 4 not 
course not to hedge sparrows, which are ! 


of the finch tribe in spite of their common 


name of sparrow, but are insect-feeders 
related to the robin. 


Amongst friends we should reckon all the 


willow warbler, white- 


ackcap—the flycatchers, swifts, 
B ous 20d tits. See also notes 
on Class Pictures Nos. 31 and 32 in Gardeni ni 
for the School and. Home, Volume IV. 
Needless to say, the help or injury done by 
birds is quite unconscious and unintentional 
They are concerned merely with their own 
needs, and are not trying either to help or 
hinder man; neither can they be regarded as 
having been created for any such purposes. 


PRACTICAL WORK 


Keep notes, in diary or chart form, on 
the feeding habits of all the birds which 
can be watched. Try to map the occurrence 
of birds, where and when seen, numbers of 
nests in the district (without, however, 
disturbing or touching). If dead birds are 
found, boys might like to examine the 
crops and gizzards and so obtain definite 
information about their food. The contents 
should be washed out, then spread out, 
examined, and results tabulated, with date 
and whether bird is young or mature. Note 
that small stones and gravel are present 
Duas help to grind the food small. Birds’ 
ae e tay digested, a fact 
ount for their great 
energy. They use mainly highly concentrate 
foods—compare with the highly E rated 
Qi Sea a ghly concentrated 
on long flights. 


OF FUNCTIONS OF IS CAT ITULATION 


LIVING CREATURES 


is : 
reference to ma treated with 


: i mmals 
dissection of a rabbit i 


This subject 


Special 
man, and the 


; wa 
How is the food ones "e 
What happens to food after it 
What is its use to the 
briefly the main features of 
' and absorption of food, of circula- 
od, and of breathing. These 
together constitute the means of 
ind releasing energy. 


pment -1, Animals’ dependence on 

"mind the class that all animals 

ntually upon plants. From what 

d about photosynthesis it will 

realised that plants manufacture 

| sugar, which with nitrogen is 

into proteins, and that other 
supply the nitrogen in an 
m--nitrates from free nitrogen 

zanic (animal or plant) proteins. 

t we have not hitherto mentioned; 

htly complicated manufacture, 
needed—for it is work. This 

lerived from the sun in the case 

plants. This is a very important 

«un has been pouring out a 

tream of energy—radiating energy 

ns of years, and green plants have 

ing it and storing it up in their 

When animals eat plants, this 
tained, stored and finally released 

their muscles. Consequently plants 
ntermediaries between animals— 

- of course, man—and the sun. It 

(Hat to some extent we can make 

e of the sun's rays, and need to do 
[hat is one of the more recent aroy 
bio-chemistry. But we are depo al 
upon plants for a consider r 
In another way man Is targe y ti 

plants, and that is 

| warmth, by fires, 

] or wood is the 


teria 


upon the energy stored in 
s supply of externa 


for hi 
for the heat given out by coa 


. generally Speaking, eats more t! a 


TICE FOR 
Sun's heat, stored p 
of photosynthesis oa 


when the plant tissue ES 


2. Mammals,—Animals 

| 5. effici zr 
time reproduce, Reprod o 
of surplus energy. The animal s 
full size and as it still goes 


minimum which will kee ar 
necessary energy, it d. 
Thus reproduction js a form of 
growth of the individual, only in { 
new individuals separate from. 

Man belongs to the : 
vertebrates, the mammals, 
it the highest because we belo, 
many ways birds are 
highly developed.) e 
from the reptiles in several 
respects which a study of such | 
a rabbit will illustrate. 


9. Rabbit.— Borrow a live 
the class an opportunity of 
that the following points can 

1. Soft covering of fur—Not 
weight as feathers, yet still light 
to feathers, the warmest co 
Hair, either smooth and silky 
characteristic of mammals and. 
the body temperature at a € 
another characteristic which 
with birds but not with the 1 
brates. This has an important 
their vitality; they do not b 
in cold weather (with few 
so their active life is ] 
in the case of na however, I 
lost and he nee : 
climates to help his body to 

2. Alert expression and i 
and external Ar 
more lively expressio 
snakes) ; the external ears are í 
of mammals: they help to 
too the soft lips and tongue (also 
features) and oblique nostr 
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OLOGY IN THE 
oped skull and jaws.—A skull for chewing vegetable food. Differentiation 
ible, be shown here and points of teeth is again à lian character. 
lessons recalled; the orbit is — 4 Nature of the limbs. A skeleton would 
ic at the back, forming a cup be useful here, Plate XXII. Note the arch 
eyeball, with a hole by of the back, the front legs well forward and 
je nerve enters; the jaws are hind legs well back, the long hind foot for 
| and bear teeth of two kinds, springing. The bones of the foot are of the 
and broad-crowned molars same pattern a5 in a lizard, except that the 
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PLATE XXII —Ó 


Skerr 
TON 
(Class MEA Rasir To SHOW L 
d icti 
ure No. 8 in the DT nds 
10, 


/^* TEACHING IN Ph 
hind foot of a rabbit h 
wh reas in the lizard bo 
nave five, 


It 


as only four t 
oe and back 
è fi ( ell ‘dev > 
od inter sting to nóte that ER 
"n^ toe mails, fair, fur, scales 
teeth are all skin structures, 
ct probable that feathers and 
veloped from scales. Such skin 
inet with only in vertebrates ; 


There are w 


the only ones in which“ 


‘growths are found, 
the body is carefully felt, 
hat the chest region, or 
ted by a firm breastbone, 
ctoral girdle which gives 
front limbs. The ribs can 
ether with the breastbone 
vital organs of the thorax, 


t difference between mammals 
vertebrates should be recalled 
hragm. If possible, -this 
onstrated 


t of the body, behind the 
ibdomen. This feels quite 
bony support on the under- 
p girdle or pelvic girdle of 
ting in the front forms a 
nternalorgans.In man, who 
pelvic girdle forms a sort of 

h these organs rest. 
If the rabbit observed is a 
on the underside of the 
|| be possible to see several pairs 
jections, the nipples. Here 
have a specially mammalian 
r certain areas of skin develop 
that is, special bodies capable 
jr manufacturing milk on which 
: are suckled. This is a highly 
" sted food and, what is very import- 
e a since it is never 


f » H 
asses straight from 


free from bacteri 
epowed to air but p 
ther to offspring. 


- ]f possible the class should be shown 
i 


«cted female rabbit, about six mos 
following organs shoul 


nd he 
aw ) The organs already seen 


ut (a 


nted í 


ACTIGOE ‘FOR 


in a dissected . 


Y fs fas 


- SENI 
in. the frog; vi T 
(oesophagus, ‘one à 
ceedingly long and coi 
herbivorous animal); liver 
heart; lungs; kidneys, ovari 
which are not present in | 
diaphragm, uterus, often c 
developing embryos. Internal 
of the young distinguishes th 
Demonstrations will have t 
small groups, while the rest 
Occupied with notes, rea 0 
the live rabbit or parts of the 
is possible that some of the 
wish to see the dissection: it | 
force this upon them, b 
most of them will take it asa 
Fairly full notes are U 
teacher may select what seems desir 
it is not Necessary to 1 
mentioned below. 


4. Dissection of rabbit. —The 1 
killed by chloroform or c 
chamber or by drowning. 
spoiled for dissection usually, 
humanitarian objections to t 

Obtain a large drawing bo 
board and specially made 
wooden handles, or very $ p 
are used to peg the rabbit t 
through the limbs. Lay it o 
pin in position. If pre 
skinned first (there is no 
the skin from the head) 
wet to prevent it from flying í 

Abdominal viscera —Make a | 
middle ventral line in the soft 
abdomen with a strong | 
Cut outwards just behind the 
incision, and pin out the fa 
left. The abdominal cavity is 
and the bu m may be 
in their natural positi hout : 
them, though they will have 
or pushed aside slightly. — — 

z. The liver, a large dark ret 
anterior end. This € tends 3 
the left side than on the : 


* 
d 


3NILS31NI 
39uv7 


y | 


Nowo == 


UN oqnj 9413593 


Sip ayy smoys II “Att 
AQGISNI "IIIXX 31V1d 


*uon235: 
E 


sip 493je woasds oAnseSip ayy (FX) i BIg 
pis 34314 s, jewjue 9u3 03 
peoids uioisÁs 2A[:22!p 243 yM uojd24 [eunuopqe oup ($X) | ij 


"Liggvu JHL JO WILSAS 3ALLS39IQ JHL 


-a WnN3aond 
A mor A ——————-— —— 3NILS3INI TIYWS 
: Z 3 = ——— —— — — — Sy342NYd S 
In : E ee Be 
ds s Lb se SF - — — NNAL OL NIJA NIVH 
4 CRIZ E form A 


166 TEACHING IN PR 


its dorsal surface lies a greenish sac, the 
bladder. : 


gall pu turning the alin 
PPS e animal’s rj i 
2. TM stomach, smooth, slightly shining, may be ei n A 
and bluish, Partly covered by the liver and 9. The spleen I 
Just behind it. [t can be seen by pushing aj ef 2 


the liver f and the intestine to the 


orwards 
r* 10. The kidn 
‘tins the U-shaped first loop wall of the ab 

‘nto which open ducts of front of each 

These ducts may be 

. if desired, by stretching 

hich binds the loop and emotions.) 

“ms to it. The pancreas II. The diaphragm, ormi 

ubstance lying in this dome Separating the abdo 
thorax. This can be seen by 

vie, a dark, almost the liver. sÅ 
are 8ft. of this, bound Thoracic viscera—Cut 
rane called the mesentery. just in front of the diaph 

» afterwards be removed then cut through all ribs 

dissecting board. on each side. The ventral 

the junction of the small carefully e p b^ 

‘rge intestine or colon Keep the points o; _the 

t all the other viscera and horizontal so as to avoid. 
is very wide, with a below. 

] nde th Ww I. The heart, enclosed. 
and ends in the narrow, NUM ad 
form appendix—the ap- lies in the le, v D 

i in operum TS RN c M 
vegetarian animals, to 2. , E 
ested food. The appendix greater part z 2 pu 
; have lost all function and ioe the thorax by 
jue pan per C Note the convex surface of 
or large intestine runs the othe 
looked at from 
the folds of the caecum. now all sizeof thenet 
14 ; small size o: 
be seen by taking out ae po the tiya 
lis are thrown into regular aud meuble surrounding th 
rather flattened. art exposed consists! 
ım or last part of the ae deo ind mammal | 
which opens to the exterior p ventricles, completely separa 
Note that there is a separa 


; ich is soft to 
t a ventricle, whic ( 
for the alimentary canal, no reach the apex. The left ven 


in the frog. The rectum is ae more muscular and th 
uU h pellets of undigested food 1 Judes the apex. ; 
| beaded with P As the whole intestine ds ind the class that in à 
ready to be voided. As i of each region he circulation of blood it 
led only small portions on the blood passes 
re visible at once. thi pe n left side of p 
§ The bladder is a thi elvic bones throu d to the whole 
n front of the ems s gud of it can then Eus that the re 
ventral surface. E rs it is 1mp V he 
k oecial diss : | 


l 


n-walled median sac 


seen without Sj 


RA 


' IN TH 
„for it has this work 


now be identified; they 
largely behind 
ood vessels. 
} from the 
ventricles. The arteries 


the i 
te walls, but the veins 
easily. Until 


and collapse 
in the seventeenth century 
blood circulated, it was 
he arteries were air tubes, 
æ never found containing 
he heart stopped beating, 
driven on into the veins. 
Jf the abdominal viscera 
e side, the kidney. of one 
These are paired organs, 
outer side and slightly 
the middle line of the 
» attached to the dorsal wall 

y in a bed of fat. From 
er a thin white tube arises and 
ard to enter the bladder, lying 


I 


E 5 


just in 
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t of the anus. The bladder is 
us kwards as & tube which opens 
ront of the anus. This 
also receives the opening 
e XXIII), 


]s there is a separate 


from the repro! 
but in higher mamma 
opening. 

Female 
going into deta 
children to see 


reproductive system.—Without 
il, it is interesting for the 
the main features of the 
reproductive system of the female rabbit 
(Plate XXIV). The details of the male 
system are very complicated and require 
expert dissection. If wished, the children 
could be told that in the male the repro- 
ductive cells or sperms lie in a small sac 
outside the body, and that this has a narrow 
neck through which they pass back again 
into the base of the abdominal cavity, 
reaching the surface by a common tube 
from the bladder. 

The female organs consist of a pair of 
ovaries, lying behind the level of the kidneys 
in the abdominal cavity, bound in place by 


uu m TRACHEA 


TM LEFT SUPERIOR VENA CAVA 


\-— ————— PULMONARY ARTERY 
LEFT AURICLE 


———- LEFT VENTRICLE 


——— RIGHT VENTRICLE 


c] Ve 
" LEFT LUNG 


— Y DIAPHRAG 
| M 


SEO 


tarsal wall. They are pale 
bout jin. long. The minute eggs are dis- 
which the young develop. 


| their way 


rge 
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CHING IN PRACTICE 
j FOR 


FALLOPI 2 ay : 
^N TUBE (down — RIGHT KIDNEY 


Which eggs pass to uterus) 
[ 


( 

}) funnel which 

\\ receives egg cells 
\ 


———URETERS——— 


(which retains 
d eggs during-— — 
*velopment) 


NA (by which 
ng escape when--——————— 
born) 


OPENING TO EXTERIOR ————-— 


* 
PLATE XXIV. 
y AND REPRODUCTIVE Systems or FEMALE 


membrane and attached to the and attached 4o the fron 
yellow, and oval, eggs easily drop into them. 
down, then widen to form. 


URINAR RABBIT | 


lining 


and thence 
tubes with there is only one of 


reed into the body cavity, 
the ovaries two tubes becomin, 


into a pair of 
funnels lying alongside 
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d'arrangement of organs : 
inor difference» ^ 


BIOLOGY IN THE 


structure an 


i » two open into 4 with m 
the rabbit the two op Sbit are, ifierences 
-— A "tube which passes’ into the bit s miniature of that 0 
E bladder and thence. to the rep! 
adat: i j 


pt" ^ ings the üterus 15 
arface, but in human beings the : 
caet tube which reaches the LESSON UNIT "3 y AND 


etinued as à C x 
Satia by a separate opening between the TOUP 
; inary opening. 
anus and the urinary ( s TI 

It is quite probable that several developing 


young will be found in the two uteri. It 
b not possible te 
but it may be exp 
of this arrangement is 
protected during à very 
their lives, when they are 


n of the development 


ans of protecting an 
ally fror 


Discussio 


i r detai ily as a me 
, go into further details, E eg fll m 


COSE bai ae realisation that mammals have, 
critical period of special physical im thy 
helpless, and not the young, which ae ik producti 9 
only protected but fed, for part of the wall the mother, X oblem. Mamn 
of the uterus is joined to membranes centrated on SE 2 Ls teat 
surrounding the developing embryo or foetus, binds; thet warn bigocen < jj à s 
and through it blood vessels pass. By means both specialised in the EG ; T 
of this organ, called the placenta, the it may be this characteristi as m 
embryo receives food and oxygen, while any that accounts for their suca 
4 waste substances pass away through it and present time—success judged by 
are dealt with by the excretory system. of variety of kinds adapted to many di 
the mother. It will be remembered that conditions, and wide distribution 
the developing’ chick was surrounded by Although, only biological ideas 


y 


« membranes, one of which (the allantois) in this and the two following lesson uni 
cared out breathing. The same membranes will probably be found desirable for a t 
im a mammal take part in forming the to link up the ideas presented here wit 
» enta, ! children's other interests and studies, es 
n o pied to show a dissected rabbit, ally those presented in connect 
: 13 usc E make large blackboard diagrams history, geography or civics. M 

owing the thorax and abdomen separately, may be drawn between the far T 
with their contents in the natural position, life of animals and of man a d Ada 
o as to indicate what to look for. A separate of th igin of a TE epa 
diagram of the whole alimentary. canal to Soy eu " ires ues 
show its course and the sha oS helped by : 

r he shape of a 
o oho tts a, peo the organs the lower creatures. The teact 

1¢ children are to examine the best i = 
EN rabbit needs ^ 4 ie the best judge of how and when t 
BIN I (provide «em wir. ; i is the material that follows, Here a 
directions, which might be mate d s of is made to found certain biolo al 
Boiss n these and generalisations upon tl ve 
th : med be that the teacher will decide gained through the precedir »" à 
WL only à very small numb il ia 
y smi er of ch 6 : 
p il IT by this part of the work Bur l oe have said 
"ch les than is given | je €sson that r A e 
bat it is well wor given here will suffic production is th 
oll worth while €, growth, and it i xou UNE 

for those wh j Me to undertake.it without Tey to underst 

is to dout T show genuine interest as ther Without reproduction all races of n 

Jt that many children v) e animals would E 

^k questions are yet c ren Who do not to the | aus 0o an end li 
anatomy of thei , Curious about th Owest creatures We have . 

heir bodies and t] € amoeba and t S We hay 
i 1e general when the he bacteria i 
$ y reach a certain d : 
4 


E 


170 TEACHING IN PRAC 


into two, and so g 


- O ON growi i g 

an case, ES eanngi call ps in dd an 2d Es z 
"rent and the othe : capable o 
bens noie d her the Bat ng both selves. This S abd con 

creatures it hac come about that cal arger fact that they live in fr E 

of the body is «4 aside 7 Y part larvae drifted down th 

pegs aside Tor reproduction— sea, they would be Killed 

: 3 as an individual, and dies. Notice that it foreshadoy 

! í ty paid for higher develop- by mammals, Amon; t 

amoeba is, except for a small number of pé 

" Since We cannot Say retained in the eroina 

! but the child lives—but parallel with mammals, 

i very limited kind of salamanders, a newt Which! 

may say of the higher in the Alps where no p 
that their reproductive available, the your 

^re immortal, since as passage until they 

ı part of it is set aside developed, that is, right 

neration, when they would be br 

A close relation of this 

nt. -All animals seem to be in the Swiss valleys, p 

the urge to eat and the ordinary life history of a 

'spring—but amongst the When we consider birds 

n once the offspring are we find they have both. 

‘rents show no further means for looking after 

‘here are certain exceptions they are hatched or born 

characteristic of the lower are many instances where 

w the insects, and the ina hidden nest or lair, a 

fishes, amphibia and for by one or both paren 

the children to mention rule, the more helpless the 

amongst those which have secluded and safeguarded 

a general rule thai the and the longer the Dd 

irger the number of offspring, Now, where the VS MO 

‘spring, the more careless are learn in order to adapt them 

r future. A pair of herrings, and difficult life, the e 1 
produce many thousands of and the longer is er 

r: th y are spawned and left helplessness is an asset 2 
P- since the number of mote ee i e. 

ns practically constant, it capable ie don ND 
E 5 ands, only Most birds an hence 

all these thousands, have much to learn, hence 

when they can lean e ; 
—tisinterest- their parents ie these p 

1. Safeguards for the young, imals have It will be seen and 

to notice in what ways ani k of high equally to human Yo N 

ttempted to reduce the great rs A ] have so much to learn Vu 

attempt a zx a offspring, realising, n nu they can be e 

nortality amongst s reach man none during more complicated 

of course, M EN consciously cda = MEE tend to lengthen. 

"^ ways has ; ical me 

a d 'out. We can glance at only then, the biological m 


Crayfish and vond mussels. we have seen, life. 
! I " 


c on an average. 


r 


,—Now amongst 
to greal 

I exposed 

r Sainai there is a tendency 

than the pro E. 

cases, to form one large fam y 

patriarch or father, who is 


make this clear. There is one 
- or bull, with many wives, and 

“who will eventually dispute the 
im, drive him away or kill 
til they have the necessary 
‘or they will disperse and start 
| In the herd, the young calf runs 
other; the father has no special 
nd the mother guards it; in 
most wild animals it is the 
mother guards her young. 
of foot is essential for safety, 
is soon able to run with the 
which cannot are soon 
enemies. Hence amongst 
roam in herds the young 
helpless, at least as far as 


M 


for the safety of all the 
it all shall fear the same enemies, 
ether in the same way and 
her, Whether they attack an 
instance, a pack of wolves) with 
i or their hoofs, a crowd can be 
effective than an isolated member. 
herd instincts are strongly 
an animal behaving as an 
soon shown his error, 
society such herd instincts still 
es they are of value, some- 
lete survivals which 
opm qM aid society. 
gin and significance, 
le to judge whether they are still 
t, or whether we should try to modify 
> : ^ is impo 
ber that fear is the ruling V RE 
original Cause of their Temaining 
equally important perhaps to 
‘animals would not 
T enemies in the wild 


stand 


aing and experienced—the. 
ü ple of wild cattle, buffalo . 
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in a civilised s€ 
fa d life, a danger, not 
The teacher may like E 
dvantages or dangers © 
y—a good subject for 


ciety 15, 
condition. a 
in some aspects 
valuable asset. 
discuss here the at 
fear in human societ 
ana of group differs from P 
herd in its motive. TE ta ey pan ed. 

i d attack, and he : , 
UNIONE high skill and ruine. a 
hunting, greater intelligence in some re dm ^ 
—though herds of wild creatures are m De 
more intelligent than the domestic ate 
varieties. Man's early organisation into 
societies—tribes—seems to have combined 
the two motives, to have had value for 
safety and for hunting, and to have shown 
some of the characteristics of both the herd 
and the pack. As civilisation progresses, it 1s 
important to understand how it began and 
what motives are still at work, it may be 
below the surface. 

It is interesting to compare the social 
organisation of man with that of highly 
organised insects, such as ants or bees. It 
has been the fashion to admire them. "Go 


. to the ant, thou sluggard, consider his ways 


and be wise.” Kipling has a story of a 
beehive, in which he points a moral for man 
The truth is that in insect communities 
the individual must be the complete slave 
of the society—-the unthinking, blind, 
obedient, mechanical slave to a purpose of 
which he is unconscious, Moreover, there 
1S No reason to think that these organisations 
can evolve any further. They are largely 
organisations for the care of offspring. Two 
questions arise. Is that a sufficient. end in 
itself? Has the individual any value 
such, that is, as a personality, to his socie y? 
dd al , S Society? 
„atso would be useful as subjects f. 
debating society to discuss. ‘ie 


ADAPTABILITY, pH OLUTION, 


SU 
I eth eor y i that all existing Species c 
plants and animals hi re become [4 adu S 
a. ay T a y 


¥ 
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adapted to their mode of life 
evolved from Very different, prob 
simpler, ancestors by a Process of natura] 
selection, has not only become general] 
accepted by biologists but has been B 
1 the origin of human Societies and 
t behaviour such as instincts and 
labits, | dividual and collective. 

It t th while, therefore, to try to 
ren jn senior Schools a very 
int of this theory before they 
h it will necessarily omit any 
'romises and modifications 
Put forward in accepting 
‘very difficult subject for 
teacher will haye to select 
notes such matter as 

l possible to deal with. 


to explair 


thought it nece 
of either supposition, 


Development, Remi 
Classification of animals a 
tell them that plants a 
classified, (Reference y 
in the summer term.) 
have been framed 0j 
seventy to eighty years 
of the work of biologis 
theory of evolution 
Darwin in 1859 in a far 
The Origin of Species. Hi 
to take up the theory of 
People have always been suggest how the changes 
he many forms of life and brought about, and to offe 
| how they came into being. of his views, : 
t times two theories (or 
seem to have been discussed. 1. Early years of Darwin 
least that the ancient Greeks was born at Shrewsbury 
One was the theory of childhood belongs to the à 
which held that every kind ton and Nelson were the h 
i been separately created and “and he was a little boy 
irth in the beginning of life, Battle of Trafalgar was f 
now. Although remains of died when he was eight, 
| plants were recognised in the toa small day school and the 
s or“ petrified,” this knowledge School. He was an M 
the belief for it was thought that given to inventing d ps 
belonged to older, separate doings, as many small of € 
~ : b was also a great collector 
which had been wiped out by : dis 
Fare d other things, and a g 
rwhelming catastrophe, such as an very fond of fish 
earthquake, and p after eS E ] 
had settled down again they were a fine shot. were al 
ı new creation, a complete break of b SE He went 
hain of lile separe ee forms University for a little while 
nd theory was that existing x f studying medicine ar 
id veloped from preceding usnm x re doctors) but he. 
had de from time father we 
process of gradual change 


: w, one 
operations he saw, 
t. and that this accounted for the op up for, as he SENS 


i e of ch 
relationships which, it seemed clear, ee the blessed days of 


re nbri 
ted between living groups—they Es He then went to € 
e^ common ancestors in - f becoming a cler 
ed from c as the theory of evolution. ii d a natural death for, 
pe ^ i oth. theories were hotly die 

ilthough bi 


d 


ears old, with some of 
7 ientifie men of his day, 
they must have thought 
an of gre 
well as having through his love 
ng, fishing and shooting a 
birds and insects 
vn, this keen, intelligent, highly 
naturalist who set off on à 


all sorts of out of the way places— 
i and the Galapagos Islands and 
of South America amongst them. 
means tortoises in Portuguese, 
ee equatorial Pacific islands, six 
iles from the coast of South 

: inhabited by gigantic tor- 
amined, dissected and collected 
he possibly could. He wrote 
all he saw in a carefully kept 
In particular he made most 


A 


| bones of animals which had lived 

nd of years before, He was especially 
“by the resemblance of these ancient 
to the present-day forms he found in 
/ merica and in the Galapagos Islands 
t sloths and tortoises particularly. 
uth American thrushes, amongst 
$, were strikingly like some which 
living in isolation in oceanic 


fascinating account of the journey 
hoa the children could read and 
own book, The Voyage of 


pment of his theory.— W 
umed y "ad i 
home, he found that his 


Eun, and that he was 

ming famous. He plann 

the scientific discoveries e 
^ S" 


PRG 


SENIOR 
ra "had made. He read and 


at promise; indeed, 80, how 


a first-rate geologist and | 


‘knowledge of animal life, - 


Eh occupied five years and | 


geological discoveries, and collected 


friends were keenly interested in| 
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worked tremendous y : 
thoughts to the 

e ha E 

Bah questions, “Are all the different 
ate of life (that is, different species 0! 


plants and animals) on the globe descended 
from some one common ancestor, OF tiom b 
very small number of ancestral forms: 

have all their diversities come 


It was his experiences on the 
e Beagle which eventually gave 
him the answers and made him not only the 
most famous scientist of the nineteenth 
century but the most famous biologist of 
any century. 

Tt has been said that genius is “an infinite 
capacity for taking pains;" Darwin was one 
of the most patient and painstaking men 
who ever lived. Although the theory, now 
known as "The Theory of Evolution by 
Natural Selection," was forming in his mind, 
and although he discussed it with one or 
two close friends, he never breathed a word 
publicly until he had amassed evidence of 
all kinds which eventually satisfied himself 
Tt was not until twenty-two years later that 
he felt justified in making his conclusions 
public—and by that time he had ample 
proof, for Darwin differed from all previous 
men who had discussed such questions, ir 
“seeing that without definite proof RIE 
and discussions were valueless. A 


had turned his 


about? " 
voyage of th 


Dou theory of evolution.— This is 
EU d line of Darwin's argument. All 
and plants are subject to variations 


no two, even in th 
; e sa Ty 
alike; eg., me family, are ever 


two kit ; ; 
EUER tens in a litter, 


brood. S ` 
had any value in he He such variat 


two 
ions 


fe of a particular 


val of the 
; lar lition: 
war conditions 

nimal or Plant finds itself) - 
emphasises that 


gle - 
natural condition, Jor existence, 


ns i 
there is frequently not 


Te are parasitic 


So that the 
phrase undoubtedly expresses ee 
condition. : l ES c long, 
i te struggle for existence a favourable ixl NR a 
ari s nn tell in favour of its possessor organ an i 
ich an exte nt that its life was saved, The showin, 
Would die out, whether they were develonen 
“ings in genera] or merely did not jection 
Possess the new, favourable Variation, This int, a 
Dar vin « lk d natural selection, but he also Tn i more primiti 
- 1 ted the alternative phrase coined by still used as a walki 
lerbert F encer, the survival of the 


i had been particularly struck 
by the | played by stock breeders as 
ors of the qualities—or varia- 
shed to have handed on. He 
sible that harsh conditions in 
ping out the unfit, might play 
‘tural selectors. In course of 
‘ety would take the place of 
form, and a new species 


hed, 


(c) Summarised from Ch 
x Darwin investigated the 
ing of twining plants, and 
Many gradations which 
stem-climbers, through 
wild clematis) to elabori 
he felt sure were derived 
vetches). At one point 
entirely new character or | an 
in, that is, sensitiveness to tou 
“the foot-stalks of the 
those modified and conver 
are excited to bend rounc 
touching object." Each 
hapler IV: and especially the Tus is be 
e of a carnivorous quadruped, degree to Me a 
number that can be supported certain that i sean ed 
imber that can "eq at iis There aoa dist ict 

ntry hes longingo E E aa therefore, if these were ii 
"Pe c can succeed in increasing they would be acted upon byn " 

by its varying descendants seizing BE Lue x the "f 

present occupied by other Ne / 

me of them, for instance, being S$ : 

feed on new kinds of prey, . . . (d) E NE 
ibiting new stations, climbing trees, Whales of te type which 
ting water, and some perhaps be- bone or baleen obtain tlie 


E "s ss carnivorous. The more Rc sea water through fringed 
E tie and structure the descendants o substance hanging down 


ir carnivorous animal became, the more Thie kere back all sorts of 
e they would be able to occupy. (eaves shims) "i 
D : at creatures. 

b) Summarised from Chapter VII: S ge Enc 

The pincers or chelae of crustacea ee ob ee 

i t ge from the simplest form, in whic f 
eve LIC 


1. "The Origin of Species."— There is 
ive a few illustrations from 
' Origin of Species in which 

t forth. 


"^ 


he plates vary in length 
Uto 15 ft. in the Greenland 
’ « (not nearly related, but 
ed whales) has neither 
nor true teeth, but “the: 
sed with small, unequal, 
yn." "There is panne 
posing that some early 
Re provided with similar 
n the palate. . - mhich, like 

on the of a goose, aide: itin 
d el food. If so . . . the 
have been converted through 
ural selection into lamellae 
Y as those of the 


both for seizing objects and 
; then into lamellae like 
estic duck; and so onwards, 
as well constructed as 
er, in which case they 
exclusively as a sifting 


all these cases, each stage in 

"ug her variation would 
in was showing that even 
variations might be valuable. 


usion that it is probable that 


new; eg., entirely new 
drea from hornless 
ed hair from previous] 
but Darwin thought that uli 
M Mons probably occurred and 

'y gradu accumulated. 

E] H > 
Chapter VII: 
; the continued 

, d preserva- 
ct high-reaching ruminant, 
dA aest necks, legs, etc., and 
T i. tle above the average 

Continued destructio 
not browse so high, would 
„Production of this 


time, biologists are coming - 


perhaps most—are distinct _ 


n of 
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support his 
ve forms 35 


merely Hired 

with evide 
fe all the others we have quo di d 
mentions it only casually m n M = ba 
interesting possibility ; it is not o hee 
cases to which he gives weight as eV "e 
for his case. As it is, however, one o s. 
most frequently alluded to m pop e 
accounts of natural selection, it has beer 


included here. 


examine 
common 


Practical work.—Collect and 


examples of variation amongst © 
plants and animals; e.g, banded snails from 
the hedgerows; and in the spring and 
summer, flowers and leaves—numbers of 
petals, different shapes of leaves such às 
hollyhock, sycamore, differences in markings 
of birds’ eggs, occasional "sports;" e. 
blackbird with some white feathers. Make 
lists of those found. 

From these examples we may pick out 
two points which Darwin has emphasised 
as being essential to his theory. The first 
is the importance of adaptability, which is 
the result of variability. Because members 
of a species arise with variations, some at 
least may vary in a direction which is 
valuable, and so survive and perpetuate 
their species—possibly in time a new species 
The survivors live because they are better 
adapted to their surroundings. It is worth 
noting that man seems to have made 
adaptability itself his speciality, More than 
any other animal individual men c ; 
m de E conditions 
have developed i id because they 


j í ings, the power of 
using their hands and the power of thought 


T 5 
m RM ee, to follow this idea 
eet: 1s worth throw: 5 

= g discussion. Incidentally, the TE 
nt of hand and brain hav. Me 


an adapt 
in their 


side by side e gone on 
A m Y 
another, nd have influenced one 
The second point ; 
; E O; i 
heredity. point is the importance of 
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inher itance, 


but we kno 
Istics 


are passed on fro 
lance with Mathematica] Tules 
Variations occur, a certain 
Offspring wil] inherit 
re ippear from 


accor 


&eneration 


w now that character- 
m parent to child in 
If new 
Proportion of 
them, and they will 


TICE FG; 


leaves are like the | 
ancestors, and that 
land animals pr 
some such structures as 
land salmon (Class p 


to generati P 
TI trenothen. Darou » 9n. duced on hich | 
! for it means that th ory con- crawl in the river m 
vives pa means that the creature which fish also shows how 
, ^ se 1t possesses a new and 


vitally valuable) 


pring 
M 
We 


of Darwin’s day. 


knowledge of the laws 

le possible by the work of 
n, whose name we have 

' mention, Gregor Mendel, 
f Brünn in Silesia, He 

! conclusions as a result 
the cross-breeding of 
fortunate than Darwin, 
ries did not realise the 
vork; though he published 
the papers were over- 

l it was not until 1900, 
th, embittered and dis- 
re-discovered 
library, and their. value 


they were 


LESSON UNIT VI - THE GEOLOGICAL 
RECORD OF PAST LIFE 


iy teachers wish to omit the 
iter, this chapter is complete 
»ut reference to it, but where 

on evolution have been given 
à; e would naturally be made to them. 


Introduction.—It has been suggested pu 
» to time in this course of lessons E 
present-day plants and animals are M" 
ants of much simpler forms which live 7 
` ote past; e.g., that in the develop 
“broad bean seedlings the first, simple 


character 
Y Pass on this character to 
thus increasing their 
still know nothing of 
tions to appear, though we 
nearer to this knowledge 


for it fills its swim 
the river dries Up, as 


other ancient fishes, as is 
same, this was an. import; 
the body to breathe on land. | 
stated that there has 
in the development of 
of the body, the head, 
organs. ; 
This process of chan 
that is, present-day an 
believed to have | 
simpler forms. There are th 
evidence on which this belie 
are derived from (r) the cor 
of structure; (2) the stud; 
from the earliest stage of d 
(3) the study of what is calle 
record. Some attention 
throughout all this three 
the first two, so we are goin; 
explaining a little about tl 


Development— The Geolo 

1, How the record has 
very early times, certa 
ancient Greeks, men ha 
in the rocks plant and an 
they recognised as being. the 
earlier kind of life. Somet mes 
took the form a P i. 
as footprints or leaves, 
skeletal: parts and aA 

ugh gradual replace 
a pos nander e 
lime or sand. People used i 


d to stone, 


De ind animals 
| parts of plants an 

yid a be petrified or 
the soft parts would soon 
ith, The chance that even 
preserved depended upon 
“some place where they 
d against the action of the 


‘to occur in the beds of rivers, 
and the sea, where water or 


wy | Lr Thus bones, shells and 
the trunks of trees are usually found in 

p ‘hat were at one time under water. 
fford these conditions, and some 
n t remains are found in 
for instance the Irish bog oak 
t giant deer called the Irish 
“mammoth, an extinct giant 
long hair, is a well-known 
action of ice in preserving 
e have not had time to be 
heir period of life imme- 


' our own. 


strata.— it E. course of time the 

r, and the increasing layers of 
down, would compress itc silt 
rock, so that the fossils became 
in a Tock matrix. We speak of 
tock formed at different periods 
miar the formation of one 
the next it is quite probable 
thousands of years may have 
strata are frequently referred 
> strata. (Geology=knowledge 


Mogical epochs.—After carefu 
Asin geologists have ia ne 
v: feld most of the rocks 
eri: de Were laid down 
ly long ago, though as 


ow 
Julian Huxley have 


Wels and Mr, 
ap Oulline of History, 


consider that the most 


7OWIMD | 
T ES 


- ancient rocks 


estimates UP 


Such conditions would be | 


in their estimates that — 
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were formed 
thers think that it 


ears ago, O 
y ‘million years a8o ? 


hundred mM 
multiply e 


Whatever may 
probably never know, it is cert 


Joped ver slowly, 
em half of the dine the earth has been in 
existence, it bore no life at all. : 

The various rock strata are characterised 
by very different fossils, which can be 
arranged in an ascending order from the 
most primitive. Each long period of time 
certainly millions of years—which was 
characterised by particular forms of life is 
called a geological epoch. Study the table 
on page 178 to see what were the main 
characteristics of each epoch. 

Although geologists are not agreed as to 
the actual length of each epoch, they are in 
agreement as to the relative endurance of 
the periods. The late Professor A. A 
Thompson and others have represented this 
relationship by means of a clock face, 
showing as a twelve-hour day the whole of 
geological time during which there has been 
life on the earth and indicating how many 
hours each epoch lasted. We have had a 
diagram. and a picture—Plate XXV and 
b cut i. I reproduced in Plate 
The b prepared to bring out these points. 
2d iin way to use these would be to make 
while on pud copy of the diagram, 

we the picture is pinned up so that all the 
children can see it. They should ! 
an opportunity of studying it Tbe 
individually later. Ue HE detail 


4. Chart and pic 
Azoic.—Refer fi 
chart. This repr 
earth's existence 


ture of prehistoric epocha: 


rst to the diagrammatic 


ere be plants 
ur day, thi 


a r n unti , I$ 
time life probably "rie ak 


ERA Predominant 


animals 


RECENT ss 


a few sec 


| CAINOZOIC MAMM ALS = Pe hour, Possibly, on o 
BIRDS ty 
| INSECTS | 
| | 
| ihe ominant, 
| THE AGE OF THE GRE AT 


Du Fish-lizards 
1 ragons, Flyi + 
| | Dicotyledons The Pd mind 
| | pear: BIA appear—birds  resembli 
| | Palms, Oaks, Terns and Divers, — 
| Archeopteryx, the earliest. 
| bird, which is a link with 
teptiles, found in Jurassi 
| of Bavaria. 
The highest families of ina 
| appeared—Hymenoptera - 
and Bee family) and Lepido, 
(Butterflies and Moths) 


| | Great swamp forests of the Car 


MESOZOIC 
C REPTILES | Nonocotyledons 
an 


: iferous, 
LATER FISHES Tree ferns (and | (including the Coal M 
PALAEOZOIC and smaller ones). swarmed with fishes in the 


| (giant newts and smaller form 
Giant Horse- | —the first air-breathing vertebi 
tails, Giant Also air-breathing insects 
| Club Mosses. Dragonflies, Cockroaches, 
Snails and Spiders. 


| 

| 

| AMPHIBIA | and amphibia in the 
| 

| 

| 


| EARLY INVERTE- Trilobites and Sea § 
PALAEOZOIC | BRATES (Euryptids) abundant and 
and more | ocean-dwelling invertebrates, 
primitive as Seaclilies (Crinoids), Sp 
FISHES and Radiolaria (one-celled 
with a am n sh 
Algae. Some Fishes of Dogfish an 
| with calcareous | type, especially in Devon 
| skeleton armour-plated fishes of a 
| fossilised. now almost extinct (Gan 
ms Proterozoic and Azoic last 
PROTEROZOIC Probably —. | longer than the rest of the 
ee or deren | put together, yet nothing is. 
ARCHAIC =| Ory Wire Pr their life, if ind 


invertebrates | 


Prate XXV, DIAGRAMMATIC CHART. OF PREHISTORIC Epocus 


Miroric.—It was followed by a long  zoic means primitive animals, or f 
M of exceedingly simple forms, many 


animals. No doubt Primitive plants also 
ly of the amocba type. In all prob- appeared. 
Y amoeba came into being during this - Palaeozoic —Th 
= Our picture of life on th 


e earth begins ab, 
that 3 o'clock on the chart is zero 


Mm the picture, But for the moment 
bow the chart, The name protero- 


out 6.30, for thi 


PLATE XXVI. CHART OF PREHISTORIC EPOCHS 
'(Class Picture No. 1 in the Portfolio.) 


d have been given the name trilobites. 


Class Picture to see what they looke 
creatures are primitive arthropods. 


At the top are two jointed creatures 
| little like lobsters, and at the their nearest present-day relations 
me oval, jointed forms not unlike scorpions of sandy deserts, but 
all swam about in the palaeozoic 


+t with the body divided by deep 1 us 
lobes, from which they were accompanied by curious 


^ 


three 


day descend nts, the sturgeons p 


s "much prized delicacy 
and in certain Russian and 
an rivers. They are so rare 
“ters that if one is caught it 1s 
te of the king, and is called royal 
ja. t x 
e corners of the palaeozoic 
oups of sea lilies, These are 
ish and sea urchins, and 
| must be sought in muddy 
the ocean which are such, 
M s that there is no 
and so these “old stick-in-the- 
eft in undisturbed possession, 
the slime. Notice that early 
animals are now either extinct 
n isolated localities. 
to the later palacozoic, and 
vertebrates belonging to all 
at-day groups, which inhabit 
fishe resembling our modern fishes, 
ibians great and small, chiefly 
, swimming about and 
out of the water amongst the 
s and roots of trees which 
n that land is emerging from 
Notice that the trees 
erent from our modern forms, 
in the left-hand corner is a tree 
X unlike certain tropical species 
ju are familiar with the stagshorn 
‘moorlands you will recognise 
* to these trees, of which 
intitive descendants. The trees 
on the right are reminiscent 
y field horsetail and marsh 
are probably known. And 
oo insects have put 
} as they can find 
over and plants on which to 


run on to our clock-picture 
S camozoic is by far the 
epoch, ed Speaking, the 

eS T the mesozoic till 
md about 12, and just 
K ; màn crept out of his 


n 


' his adventur, : 
ted es to the 
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we should have to begin 
another day. How far he will e we pr j e: 
i ing the mos > 
ans of knowing. Taking ; 
Bus estimate, the palaeozoic la 
twenty-two million years, the mesozoic ur 
million, the cainozoic four million. Notice 
ncient periods are much 


that the more & ^ 
longer. Of man’s history on the earth x 
MS 


know only between 4,000-6,000 years, ^7 
first appearance was possible 20,000 yeux 
ago. Compare this with the thirty-six 
million years of life on the earth and you 
will consider that he is still newly-born. 
Mesozoic—The name of the next epoch 
means the middle animal period. We 
referred to it in the lesson on birds. It is 
especially the time when reptiles flourished, 
and so, though there were invertebrates, 
fishes and amphibia of many kinds, our 
picture shows mainly reptiles to emphasise 
their importance. By this time the earth's 
surface seems to have consisted of ocean, 
swampy jungle and bleak, barren highlands, 
The reptiles took advantage of all these 
conditions. Some inhabited the seas like 
seals and whales; some crawled about in 
icu ae ee hippopotamuses and 
= crocodiles and alligators 
ee amongst the reptiles which existed then. 
Som mane ovar the ry lu browsing 
a Plants or preying upon one another, 
ie uh were herbivorous like cattle and 
E. o Gert. qus and occipied 
aken by lions, tigers, bears 


and wolves. So 
made their ho me of the smaller forms 


trees, runnin 


resent time 


duly hampered 
Spines and horns 


[ EROZOIC 


mitive, 


alled 


ARCHAIC 


PLATE XXVII. CHART OF GEOLOGICAL EPOCHS 


BIOLOGY IN THE © | 
, both the person 


ip odocus shows 
ns they had, another 
huge forms died out, 
ntatives of the group 
forms, with a few of 
as the alligators, boa 
turtles. 1 
sat reptiles were most 
to some of the smaller ones 
»mals and birds of the present 
existence, for there is no 
jy ancestors are to be found 
mificant lizardlike reptiles. 
of the mesozoic the first 
their appearance. Near the 
e can be seen the earliest 
» have any knowledge. As 
lessons on birds, it has 
the name of archeopteryx, 
ndent or earliest bird. We 
eviously that it had a long 
the tip, claws on its wings 
beak, but was a true bird 
hie about the size of a 
two specimens have been 
stone rocks in Bavaria. - 


epoch brings us to 
plants which immediately 
son the earth, the cainozoic 
animals, Birds, mammals, 
i insect, could be found 
try which showed many 
| resembled the varied 
t world, and amongst 
not greatly differ from 
ay. For instance, birch 
Eu The out- 
eristic climatically towards 
ma was the alternation of 
: t milder periods. Four 
snow and ice spread over the 
phere, sed glaciers flowed 
Syncs parts of No 
Mu. 5now and ice Vm 
V be: el as the 
erlods occupi 
an great changes * 


this period are t 
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nel and the distribution of 


and animals occurred, as they alter- 


à CUERO 
before the ice and advances 
ig land from which 1t 


plants 
nately r EA 
to occupy agam É -esent 
. tured to represen 
geceded.. The S or moth, Irish elk, 
sabre-toothed tiger, and a small wild ancestor 
of the present-day horses, while near the 
centre of the picture primitive man emerges 
from the dark cave in which he has made 
his home—man the hunter, pitting his 
brain against the speed and caution of the 
animals, beginning to use his hands not 
merely to throw sticks and stones on the 
chance of killing them but to fashion weapons 
and implements out of bone with which to 
make his aim more sure and deadly. With 
the dawn of man's life on the earth we 
must leave the story, which in later years 
was influenced more and more by his develop- 
ing mind. Let us notice, however, that from 
his earliest appearance, from the evidence 
he has left behind, he was already trying to 
dominate his surroundings and modify them 
to suit his needs. The men who made the 
first stone weapons had the same spirit as 
the men who make and use all the most 
po d machines and scientific 
One of the most amazing links with pre- 
E rns ie lately been brought to 
E d Island, in the Arctic Oce 
hid PUE prom the Sov 
y of Science. This is. th 
of the carcass of a mammoth 
frigerat à COPAS 
ed in the Arctic 
preserved. Petrov, chi 
Island station, states 


an, 
riet 
e discovery 
, the huge 
extinct fo 
The carcass is za 
ice and is perfectly 
ef of the Wrangel 


the St meat saf Ris 
SUSAN Age, the discovery is z since 

€ Importance for the Oi great 
mammoth is e body of the 


Which it is Covered 


red TEACHING IN PRACTICE pop 


L " 
: A FLORA ships within the gro 
3 TO mmals | 
[i prol able that a certain number of their yore ENS 
‘ ' and girls, perhaps only a small eggs with oral ae 
‘re now sufficiently interested head, thorax and abdor 
of biology to wish to continue jn nearly all cases, win, 
^y when they leave school, and Within these bigger 
example and interest of 4 STOUps whose members are 
ive Just the stimulus that is related, and finally we rec 
e a lifelong interest. They species, the Species b, 
v far alone unless they know individua] members, ] 
rence books, expecially books 2 
them to identify plants, Development—1. Species 
Since books of this type as we have the genus of c; 
ult for young people to use tiger, wild cat, puma, p 
nce, it is often useful to intro- We can recognise genera 
"Ust to descriptive reference the buttercup, ranunculus, 
‘ype of book should be followed species, the common field 
"d Flora, and the more scientific culus acris—bitter—the 
and insects. If the use ofa R. repens; the bulbous j 
ribed here, it will serve to bulbosus; the lesser car 
method usually followed in books the water buttercup, R. aqui 
Ihe book usually introduced to in each co two NES 
is Watt's School Flora, which being written pes Me 
priced, clear and simple to follow, species us ium arch 
the keen field botanist may want T m. Quee whim, 
inced and complete work. d jeanne but due 
be useful if the school possessed appear nee all over the 
h floras, sufficient to Sed uc — E the sa k 
them in pairs. s these : so they have 
ed year after year by different eoo they all 
initial expense would cover the x suffice to translate p 
ı very large number of children. different languages. For inst 
ver, this is not feasible, small groups call the garden nasturtium 
tricia in the use of the flora means a monk's hood, buty | 
MEL different flower monkshood. 
Met > talk to the whole er h has a fixed Latin 
preliminary ta =~ would necessita do. flowendil 
id clear the ground. This wou exactly to what flo 


ft 


A 
e n: Iso a slight understanding of the T 
: ies i s of classification of plants. 9. Natural orders.— e 
princi tion, the species are ilies 
the genera into fa a 


» 


cr revious. 
ion.—It was said in a P: 
Introduction. 


le n ha the m dern classific 
lese that 0 assification of 


qea 


ning Mrorint : to 
or the theory that they 
common origin has Ba 
sti 


are grouped again into 


eeinning to use a flora—Flowering 
awerless planis.—Now, in trying to 
hat a plant is, it must first of all 
ned to the most comprehensive 
the inquirer works gradually 
smaller groups. The first thing 
» decide whether it is a flowerless 
stogam—or a flowering plant— 
m—that is to say, whether it 


by spores or seeds. 


yl and  dicotyledons.— 
e to be flowering plant. 
t to decide is a question of the 
of the seed. Has it one or two 
If it has one, it is called a 
if two, a dicotyledon. 
} y unlikely that the specimen 
ivi both flowers and seeds, so that at 
ht it seems impossible to go any 
ver, there are certain other 
m associated with 
charac o seeds. Plants 
g to the class Monocotyledon nearly 
ve parallel veins, and the number 
Í the “elie ded Take a 
1 example, | a ring of th 
leaves; then a ring a three 
ting of three outer stamens and 
‘ones; then an ovary of three 
gg or E It is also parallel- 
oerte de grow straight fi 
=r d with no stalk. ‘This is called sadia 
- other feature of monocotyledons 
tlonging to the class Dicotyledo 
ketal) yledon, 
A ] y have at last some 
ves growing on a stem or axi 
! ground, and they are net-vein.a 
y are net-veined. 
re d fours or fives, A violet ‘ 
mas an outer cup (or calyx) z 
then o 
na Sot EC Petals, the 
3 : d ne ovary alone 
ers, The leaves too 


P 
ETE 


? have the dicot 


_ brings the stamens up round th 


According to a Broup the 
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characteristics; they 
d, and though they 
t from one point 
thick stalk 


yledonous 
are stalked and net-veine 
appear to gow straigh 
they are actually on a short, 
creeping just under the surface. 


i natural orders. 

lant is a flowering 
we try to 
shall 


5. Grouping together 0. 
Having decided that a p 
plant and, say, & dicotyledon, 
discover its natural order. But we 
find it easier first of all to find the group 
of natural orders to which it belongs. Other- 
wise we should have to wade through the 
whole list. To save time, therefore, the 
natural orders are grouped together under 
three letters: 


A. Polypetalae: Flowers with both calyx 
and corolla and petals not united 
(Poly=many.) 

B. Gamopetalae: Petals united. (Gamo 
joined or united, the same root as in 
monogamy, polygamy.) 

C. Apetalae: Without petals. 


6. Sub-classes.—The Polypetalae are 
grouped into two sub-classes: (1) Thalami- 
florae (from thalamus, a cushion) have the 
stamens growing—inserted—on the flattened 


- top of the flower stalk, which forms a cushion 


or receptacle; (2) Calyciflora 
t ; e have the 
A inserted on the turned-up edge of 
€ receptacle, which thus forms a tube and 


above it. e ovary or 


In the Thalamiflo 
of the flower are ie pisos the 
as in the poppy, 
hypogynous (fr 
Greek word gyn 


parts 
ed below the pi 
pistil, 
and the parts are said is be 
a hypo=below, and the 
CLuUM= pisti 
; i pistil). 
an the Calyciflorae, the parts of t] 
VON : 1e flower 
around and epj— 
The Gamopetal, 
Corolliflorae, and 
into two, 
For further 


1 conveni 
Symbols is used venience, 


a System of 
natural orders 


rtai 
am characters they may 


186 TE dis ! 

5 TEACHING IN PRACTIC 
in common, so th 
to read through the 
sub-classes to find t} 


Having found th 


only t 


have : 
at 1t is not nec 
characteristics of EP 
1e natural order, 
read through Eo E E wr e 
© natural orders ; 1 : rief Synopsis of The use of i 
A ani to eliminate those schoo] teache ee 
specimen does not agree. some inoue d 
ir x ma natural order and, on plants and R i E "v 
> index, the Page can be found, are usuall E m 
10n 1s given at the beginning known ad VIR roj | 
Plate XXVIII It ki ron 
Artitic ial key. In most floras there js d fe nee oe 
Key, from which the natural This po M 
let« rmined by eliminating upon a stand. aaa ON 
iaracteristics, the remaining lamp shinin, i direct Aem 
‘ number attached on the Jens, or QM ^ Er 
which must be looked for then placed upon E. T 
wn, on the left. This takes itis between the lamp iit 
"m point to point, is easy to i i 


It has the disadvantage 
followed again and again with an ordinary microscoj 
"ding principle emerging, upon a silver screen pl 

owledge is gained either of the away. 
ification or of the facts on In order to secure exact : 
ed lamp, the object, and 
‘void a purely mechanical. objective, all these parts. 
‘cher should point out how in a sliding groove on a h 
such as union of petals bar, clamped to a strong fo 
ition of stamens, nature of various adjustments the re 
serve the flower's purpose the three parts can be m 
For illustrative details see obtain a clear image. 


t! 


} 


( Picture No. 24 on Pollination For examining preserved | 
it the end of Lesson Unit all that is required, but it is 
term to examine small living org 


ry at the end of the flora explains purpose small tanks and 
il terms, so that it is quite simple "provided, which can be 
| no one who reads the introduction position of the object. am t 
ly and who turns to the glossary for from the lamp would injure liv 
known terms can be unsuccessful with a a cooling trough is used, 


re seems and the cell. 
e practice; there seems to be a general Ji E. 
r sion that a flora is something obscure For examining am is 
nesdi living organisms, aní S 


nd. weding special initiation, which makes r E 
" " people lifhdent about using it, but the hé d "i 
this has no foundation in fact. m SUM E os 
For notes on flower study to accompany MM E kam N 


ssificati back to 
e study of classification, refer Ee 
h Bei on Pollination and seed formation, d B pis 
x Vi Unit II in last term's work. to be gi us 
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cooling 
trough 


ich all parts 
sA E and long 
which they are free to slide 


(Reproduced by courtesy of Messrs. Flatters & Garnett, Lid. 


PLATE XXVIII, MicnopzoJzcron 


1 learn to see anything, to realise what 
‘there or to handle the instrument With ment usually eives good definition at a 
cent care, E of e micro- I2 ft. from the Screen, 
y ite more than one with an image whi early 

» & class of twenty to thirty i iae be s 
" can 


15-20 ft. away. Iti t possible 
fee and hear explanations at sketches Son thie D ebi 
is 


seen 


ey 
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larkness l 


jut an adi 
me to dir adjustable mi 
} rect the imag, iror enables 


EUM 9t white paper a Mass upon a APPEND 
dren ad the cao, à table, when a The preparation of 

—Ppert eight—can ; "à Will accommodate SCOP Required: G 
wn by tl Wes sketch in the light nd by iin; thin, 1 
ume eee uos is 
(ment makers have placed described are "m 

Mosaea m on the d 

It i k ed has been found andles (botanical nee 
t 15 possible for a skilled objects being prepared. 


man to ada E 
the lapt en ordinary 


manv c] 
ANY chuldrer 


"urpose : 1. T al 
od clamping aedis rod, objet arom 
Two difficulties are cee, DAS ezarian aie 
4 culties are exact th mination under 
iring that the heat from see can be mounted in \ 
is util the mounting the object in it with Ne 
Sua y a balsam or with thumb ad Sa 
ice. refi ta 
d w ith a microprojector have E NU (not : 
nagnifying power than those OBEN 1 g it with i 
with the microscope, but for T e Mod 
high magnification is un- cover alae aia ND 
object or letting the 
APPENDIX II rus of the glass. It is 
l 4 
ion of bones, including skulls, as Wax o Ew 
cee aai i 
should be simm p d Po P je 
: hould be, si ered slowly for drying cover glasses, 
falls away easily. The bones glass dry on blotting paper. 
brushed and picked clean and l 
iried. A little powdered alum 
inaccessible parts will help 
nd sterilise any small remaining 
f tissue. While drying, the bones 


2. Permanent mounting. 
(a) Canada balsam.—I 
is required, and this is 
the microprojector, three 
I frequently dipped in water, usually necessary. The obj 
t in sunlight. This helps to bleach completely, cleared so that it is 
and then rendered air-tight í 
bones will be whiter if instead of Drying.—If the mount 
ing they are left to macerate in rain be Canada balsam, the ôl je 
water for several weeks, followed by very being passed through differe: 
thorough washing. A few drops of potash alcohol to extract all water 
n the water will quicken the prc ten to twenty mr BU c 
softening the flesh. As much as possible . process 15 nec S eran 
s} uld E scraped off beforehand in any tion, by its effect 
This method may also be used for tissues, would cause sh 
: aves Where skeletal or horny © 
preparing skeleton leaves. ue 
5 i From Messrs. Flatters Ltd., 309 Oxf , 


& Garnett, 


ty free jso-propyl alcohol 
; equally good and should be 
mta there is no duty 


The object is taken from 
shol to cedar wood oil or clove 
) It will sink to the 
watch glass when clear. As 
ution it is washed in a drop of 
may be done on a slide. All 
“may be carried out on slides 
he material is never allowed to 
t this is less likely to happen in 
which should be covered with 


da balsam is a kind of 

‘in xylol or some other volatile 
takes several hours to dry and 
pletely, so that the slides should 
not be touched, 
Laid ep Ge next 

t as , an ve 

Mal to that the balsam does d 
"nd beyond the edge of the cover glass. 
tend: out a little more as it 


Am 


i ra jelly. — Another mounti 

Seeger to use is glycerine jelly, 

p ao good for soft plant tissues, 
Drying and or young leaves, 


by soaking the object in dilute 
per cent). If the tissues are 
SOR Strengths are used (as 
E the object by 

in tension. The object 


per cent eee exposed 


this gradi 
bottle is melted by im. 
Emus, and used 
rra obje t T Ss, a drop is 
à glass rod, 


are accomplished in 


Mic 
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been arranged on the slide with 
i lycerine 

brush or needles, and surplus dilute gh 
Motte off, A cover glass 1S then lowered 
gently into position. a . 
Farrant's medium for mounting 15 good, 
as objects can be transferred. straight from 
water. It is used cold. To prepare, dissolve 
ld distilled 


100cc. gum arabic in roo cc. CO | 
water. Add 5occ. best French glycerine. 
Strain through clean flannel, and keep in a 
stoppered bottle with a piece of camphor. 
When used it soon hardens at the edge of 
the cover glass, so needs no ringing. 
Ringing —For further security the cover 
slip may be sealed by a ring of gold size. 
This is supplied ready for use by all micro- 
scopic supply dealers. It is carefully brushed 
round the edge of the cover slip. Sometimes 
dry mounts are prepared of skeletal or horny 
substances, such as the jaws of insects, 
scales of butterflies’ wings, spores of fungi, 
minute shells. These are merely placed on a 
slide, covered with a glass slip, and ringed 
In most cases, however, the other methods 
described are preferable. x 
NEC rie who prepares slides 
‘the microprojector might in some cases 
pr to colour the object in order to show 
po more clearly. For general staining, 
carmine, safranin or haematox 

are useful. Staining is really dyi eR dd 
small scale, and the tissues «t ilie obj i e "dt 
upt : : ect pick 
p the dyes in varying degree and so help the 


observer to distingui 
readily. guish the parts more 


after it has 
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It is then wash 
returned to 70 
then completed. 
Staining may 
coloured glycerine 
solved in the jelly, 
| the st à 


un gradually permeates it. 


To pre 


solid safranin, Melt the 


insid 


Then add a small 


t deep colour. 
1 
cid 


1 


APPENDIX IV 


Equipment. 
tisfactory equipment, 


hted 


use. 


nstration bench—not necessarily 


, but with two gas taps and a 
ink within easy reach at the wall. 

1 low shelves for illustrative material 
working experiments to be left, and 
n's exhibits. 

Cupboards for apparatus, with a few 
rawers for small apparatus. . ; 

A preparation room, and if possible a 
mall heated greenhouse-vivarium where 
plants and animals can be kept E 
experimental conditions—all one b ee 
ferably opening into exprimit ci garden. 

Bookshelves for reference boo. S: e 

Display cases for museum Pe Ed 
may be kept in cupboards when no 


in use. 


i accomplished with 
jelly. The stain is dis- 
the object mounted in it, 


Mars coloured glycerine jelly obtain 
jelly 
* à water bath, over a 
att quantit 

nng carefully with a la 
dissolved, and the jelly has 


alcohol for washing out 
un, shake up 2 cc. hydrochloric 
icthylated spirit (70 per cent 
ual form in which it is sold 


Ihe following is a list of the 


room, with solid yet 
ovable benches and chairs, to 
ticity in arrangement of groups 
> movement—so that children 
1 one bench to another to see 
riments, material or happenings. 
ench for gas taps and sinks 


fine net. Small rubber b: 
and accumulator tanks, 
enough for whole class, 
and potted meat jars. p 
For demonstration 4 
use by class.—Ordinary lak 
eg., beakers, flasks, | 
in. thick, rubber sto; 
flasks, bell jars, boiling tul 
Tripod stands and retort 
holders. ; 
Microprojector for 
preparations to groups of 
Dissecting boards— 
do—and dissecting dishes 
pie dishes fitted with boa 
to take pins, weighted with : 
Dissecting pins. ; 
Set of dissecting in 
teacher's use, including ty 
pointed dissecting sci 
one pair fine forceps, one p 1 
and if the rabbit is to be d 
forceps, one seeker. 
Dissecting needles mi 
handles for whole class. 
For numbers, type and q 
best to consult a firm of la 
makers, stating the type of v 
apparatus, including instrumen 
x 
APPENDIX V—S! 
BIOLOGICAL MAT! 
x. The Biological Supply 
elin, Aberystwyth. E 
Ae and preserved 
logical material; micro- 


logue on application. 
He Mr. F. Ward, Tu 


Cambs. 


! a, floating leaves; b, submerged leaves, 
tural size, The plant is dark 
ves; b, submerged 


S2 


stiff and glossy, 
leaves, 


3. Me SSYS, W. 
Van 


ad Road, Lee, London, S.E.12. 


' plant 


gardens, 


rs. L. Cura & Sons, Bath Court, 
Rosebery Avenue, London, 


cal and fancy fish, vivaria, 
batrachians, hydra, foods, etc. 
l latt 5 Garnett, Ltd., 309, 


paratus, specimens, aquaria, 
isite for the teaching of 
ope slides in all branches, 
om original photographs for 
talogues on application. 
dward Gerrard. & Sons, 61, 
amden Town, London, N.W.x. 
specimens—zoology, biology, 
Iso zoology models, 
Newman, F.E.S., Bexley, 


itish Lepidoptera. 


» Old Sorting Foe 


8. Mr. L, Haj F 
Surrey, “ale D : 
Aquaria, aquaria app 
plants, insects, laryae and 
hydra and Other mier; 
Living foods, daphnia 
nquiries for 

invited, 
Teachers of biolo tron, 
to join The School Nature § 
(annual subscription, 4s.); 
Ashridge 


any kind Í a 


hi 


A. J. Potts, 4, 
Harrow, 

School Nature Study, the offic 
is sent free to members in nua 
July and October and has us 
and reviews of books, ) 


Excursions deali 
nature study are arranged. 
October. 

Leaflets—seventy in nu 
lished for the use P 
members, at practically cost p 

Exhibitions are arranged | 


years. 


BM 
TLLA 


[| 


HI 


SCIENCE IN THE SERVICE OF Man 


at 


teaching of science 
treated in many 
and has figured in 
teachers. In pre- 
‘therefore, it was felt 
rests of readers would not 
def résumé of conventional 
details of this are widely 
vailable in convenient form 
T ce of a few books, 
d be able to assemble a 
terial, and with a little 
encounter no serious 
inning a teaching sequence. 
i se, the inclusion of schemes 

2 te teaching notes upon 

d to be unnecessary in an 


is well to emphasise 

been made here to 
ght on science teaching, 
-by selected examples. 
the best possible use of 
of the conventional 
liberately excluded from 
examples. Sufficient 


intended to be a series 
which may help the 
teacher to translate into 
tions made by the 
| the subject of science 

School. The work 
any of & report 


human 


tional Pamphlet No, sy 


FOREWORD 


have been included, however, 


indicate where classical material finds 
a ae in the new teaching. The topics 
which are given practical treatment are 
themselves selected as illustrations, and 
through them it is shown how modern 
material can be worked into the classroom 


and how various methods of teaching may 
discussed €x- 


be practised. No topic is 
haustively. à 

The senior school is young and its science 
teaching even younger. Education in all 
its branches is inevitably a, matter for 
controversy and differing opinions. Universal 
acceptance of the suggestions which are put 
forward cannot therefore be expected, but 
if these stimulate the experienced and help 
the beginner they have served their purpose. 

The official Board of Education Report 
upon which the article is based was pub- 
lished in 1932. Since that date, teachers 
have developed their technique. In reflecting 
that development, the article breaks away 
to some extent from its guide, but the 
break is held to be merely an extension and 
not a contradiction. 


“pointers a 


INTRODUCTION 


arises in con- 
quite naturally 
Mer. Now the 


ool science is 
subje à 
extent to which the A Py 
ledge may be utilised ; 
in the senior ech 
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determined. 


NG IN PRA 
It is indeed doubtful 


Precise limits w 
the everyday 


if an No single scheme | 
ill ever be applicable, for 
experience of Scientific 


application . 
devices Circumstances differ so n 
Which a child has is Constantly extendin » the present time, great q 
and school pra tice is being Modified to exist in connection with 
make use of new features of the child’s wach a science scheme should 
envir t. Thus subject matter which i 


details of a Particular 

ide the scope of Schools a only have a limited. 
being utilised, The reason no attempt is made | 
lications of Science, and a teaching syllabus, To 


nce is gaining on the the subject matter of s 
voured by the present- impossible, so any useful 
n extensive curriculum Science in "€ mu 
ly use everyday experi- selective rather than 
tion from the subject Suggestive rather than d 
id applying a scheme of greater part of ee Or 
necessary liminaries the treatment to be 
k. Suggests how of scientific topics in school, 
yllabus therefore find these a pee 
' in the next chapter, He d Mes 
f jec i 1S 
Subject matter 1s a We "2d 
1 which directs schoo d E. iste am 
h they live in an environ- oe of 
: e courses o 
rreat extent the result of e P this way, em 
children of the senior schools. ions ee 
l oup of suggesti j 
lves immature. Schoo = usefüliess 281 gina 
to be based on ELO F been a alle t 
} icati ildren’s 
the application of c ir whom ic wale of 
i in environment els a side of senior school 
convenience Of aou The problem of finance is 1 
to be made aaa one of the greatest stumbling b 
suitable metu x way of the science teach 
be devised: Tin ess however, ways "s Y 
hild often nee Ay imitations in this dii ction 
tion or by tie ade Ee cheap stores can be bs 
!a 5 iencés before they $ hilst much use J 
] expe i tion. Without strain, im fred in He A 
xedia of educa i 5 obtainal e $ y 
ent, the original Noe S hold and industri 
> educator. Not inir ke this article o 
o the islead ma s of suppl 
; ete and misleading. ice, these source 
MERCI S ‘in mind and fe 
of, tecie aae on the borne 5 ps have been set 
ild have a great in Ee subject expenditu 
ii arrangement of 


: les. Neverth 
tical examp. i 
] may determine the Ws been allowed to im 
ter to be used, hing which is possible. efficiency, so that even 
f science teachi 


> now 


om pri 


find rofitably employ 
i teaching methods the | schools! may yy 
erem in the chapter following tion put forwar 
natural argute matter. 
«qon of S 


NNING A $CHOO 


ieot matter.—As the home, 

office, factory, farm and 
PP atre all rely on a large and 
creasing number of scientific 
science has an important 
‘life of school children. The 
“of applied science ensures that 
sledge of the subject develops 

lv every person's normal 
nd hat this is directly associated 
»day life. It is from such knowledge 
that school science starts. 
t of this implicit knowledge 
1 ioc vil Many children 


of science without assistance, 
rule, unaided experience gets 
‘than the correlation of simple 
effects—petrol causes a motor 
, electricity heats the laundry 
hen wisely chosen, school 
associated with real life 
il interest for children, who 
inating extension of their 
. It is now generally 
e most effective science 
from the child's everyday 
scientific devices, and u: 
of science primarily as a 
and not as an end in 


ta 


ifficulties which arise when 
subject matter from the 


day life are the problems 
and what to omit, and 


group the chosen material, 
oes which may be 
miti s a many topics are 

no syllabus can contain all 


hing material, 


g the umber of 


uses | 


items in the list at this 


well to recognise at . 
Which can justifiably 


trinsic merit must be. 


x 
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L SCIENCE SYLLABUS 


—]n preparing & science 
» first to gather 
by 


Practical pr E 
Ru Sea itle subject matter, 
nce ga ism to topics arising 
applying à test of realism o pic Dag 
out of à consideration of the e al bo 
Preparation of a comprehensive list ui 
facilitated by reference to senior schoo! 
text books. The teacher should satisfy 
himself that no subject is entered on this 
preliminary schedule without the recom- 
mendation of being directly associated with 
some aspect of real life, within the experience 
of the pupils. This test alone, rigidly 
applied, will eliminate completely or seriously 
weaken the claims of many subjects. To the 
teacher it may mean pangs of regret at the 
exclusion of some classical item, particularly 
as it may be- felt that a topic, though 
divorced from practical life, has served most 
effectively in the secondary school as a 
means of education. But the teacher must 
be ruthless—the limited time available in 
the senior school does not permit exceptions 
to the rule. Sadly perhaps, but resolutely, 
the teacher must cut out the academic 
Ingenuity of the classical syllabuses. It 
Bal mest et, n ample, 
of mixtures Ds a = cea 

je experime 
paraphernalia may arouse Md a 
enthusiasm, but these are not enough. All 


practical value, stage must have 
Local bias.—The sch 2 

: edul Por 

the application of th e resulting from 

made in the 


hedule Should 
influe; 
of the school aaa ite Perla characteristics Fortunately 1 
The existence s ourhood in mind Sic 


in the distr; i 3 um 
in’ the district, for instance, will EE a expensive materia] a 
Hak certain topics, Which under other odest allowance wisely, 


oe of th 

us j would be Considered of com- eton t 
, small significance, might be e buie 
a U n lerlining, or the addition i 


“© Sign on the Schedule is teach 
d Again, a school Serving à kno. 
| lacks a Supply of coal gas 
nda emt in which this 
‘ves much attention, The tion of a tea LE 
Particular activity in the most p e et a 
" routine of a great part for which the educator 
“Cull population gives that enthusiasm is not 
Y which it would be Wrong preparing a’ school sy. 
lhe application of local bias in favour of those t. 
‘© possibilities of school teacher has a special flair is 
ll worth bearing in mind. policy. For this reason aloni 
plying local bias to the schemes of work in science 
should be that certain in a group of schools can 
ed, others weakened and means of achieving the 
Nevertheless, as the factor Finally, the children’s 
an external one, the teacher interests must not be ov 
choose for some reason of notes which accumulai 
r limit its influence. `of scheming. Everything in 
‘ter—The schedule should | syllabus should be a Source c 
h the economic limitations to the pupils. Subject m 
i nd. So far as the senior chosen and arranged so 
‘ned it is well to look upon  to’see and do. ‘Things w 
tical subject based on real ently in- boys’ periodicals 
design activities in a way incorporated in the scheme 
iphasise this. Therefore if Appliances in which boys and 
pace or equipment prevent ested but which they are not 
ctical treatment from being or handle al NES ise 
in topics, then the advisibility events sho: 
r curtailment in these directions room. 


yusly considered. There are Nee : 
nad subjects from which to Ctassincaiion NE 
"that it is possible to keep down the nee ich D 
aad 1 ssons to a minimum. To of ME Ae : b Pur 
trated les f rof th 
ny teaching who have to, work under will a 2 dos Nox 

ult conditions, this doin d ed zs OUS p om 
joubt er trying, but it is felt has not yet attal 
th =e beret of approach to science Poem it definitely 
pias i onomic circum- RIE : 
Ban as rper dem ve be allowed to others, and LEM ip De 
es ol à ; 3 


eri 


stanc 


ay 
00! 


th 
e be 


the senior aay i 
onal groupings of heat, 
m ei, ete; 
Modifications of 
t promising forms of organisa- 
igure in most of the schemes 
in the schools. In the 
a number of subjects of 
je are grouped under a 
and are developed under 
influence of that designation. 
of these great co-ordinating 
and Water, a pair which 
ce in the schemes of many 
less popular topics are 
oups which follow. Apart 
ly accepted principle of 
à, the forms of organisation 
ay practice differ widely. 

d favour, the choice 
e influence of many 
Some schools, a topic 
tity, its content forming 


E summaries here, 
reader will be enabled 
the relative merits of 


one which 


| THE SENIO 


3 represents other a 
- are useful topics © 


» lopic classification seem - 


so. In others, the . 
$ ) 
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spects of life. The following 
f the chemical type: 


1. Air. 

2. Water. k 

3. Raw materials. 

4. Living things. 

2. A Physical Class 
topics which arise in 
are: 

x, Heating. 

2. Lighting. 

3. Machines. 

4. Power. : 

DONA Biological Classification.—The 
physical processes associated with the living 
organism, apart from matters of purely 
biological interest, can form a group of 
topics which may link together the two 
main branches of science. The following are 
topics of this kind: 

I. Breathing. 

2. Feeding. 

3. Moving. 

4. Sensing. 

4. A Domestic Classification.—Courses for 
mixed classes or for girls alone may advan- 
peui show a domestic influence. The 
fundamental needs of domestic life are great 


E which split up into numerous smaller 
nes: 


I. Food. 
2. Clothing. 
3. Shelter. 


_ 5, An Industrial Classificati D 
: 0n.—Ex 
topics such as the following cy Serger 


work directly wit ical |i E 
E The Read ee tical life and industry: 


2. The Railway, 
3. The Docks, 

4. The Factory, 
5h 
6. 


ification.—Some useful 
this general category 


The Farm. 
e rud Classification —Goog 
M made of the Elements of a 
- IBS YR 
2. Air. 
3. Fire, 
4. Water. 
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7. A“ Personal” Classi ; 

P ; Sstfication, —Thi : 
ung directly out of he pein Plan item turns up in the 
ments of the children, offers require- does not Select the sa 
features: many, useful is to bi ` 

E The 2: 9 € the fabric of the 

The air we breathe, example, the Science of. 
,* Water we drink. in many courses, but in 
ide basis the subject may be 

‘ EN : thes we wear. floating scrubbing brush o 

l we Kew Whilst in another it may 
, "ur first Place with the flo: 
travel. liner. ,In the two exar 
communication, Sad + f 
| he ; 
help us, iub organisation of sch 
Conclu ion l h ] ; n of opportuniti for 
t , = ar the topics Which Every iecit EM 
embraces a wide range of practical classification which 
details of which are to Stances and which cont: 
he lule whose preparation subject matter in a nai 
ri r in thig „chapter. As Complete balance is not att; 
ns nave arisen directly but it is possible gradually 
r application to syllab ich fits its 
pplication to syllabuses course of work which fits it 
with everyday things and by modifying the first pre 
to the schemes of work. in the light of experience | 
uit the particular require- time. ; 
|, and liberally interpreted Provided that the in 
‘porate comfortably the ments of the children are 
on the schedule, a classifica- to the fore, it seems th 
‘mosphere and fosters con- series of effective courses 
not limit or hamper the topic plan may be deve 
A classification determines ing the same scientific 
inder which a particular particular angle. 
TEACHING METHOD 
Intrcduction..-As in most branches of teachers differ amongst ii 


allocations. The distribution. 
the methods is i so fund 
as might at first be supposed, : 
that neither is obviously 
work may be done. 


lum, both class instruction and 

tivity figure as accepted methods 

ing science in the senior school. An 
which had a good deal of support some 
suggested that these two methods 
uc tion were rivals. This notion 1s 


ra i Demonstrations.—Class 
w completely discounted, and the two eng i. n 


) se tary to each 
are recognised as complemen t 

h The time allotted to each varies 
hool to school and from topic to 
imilar conditions 


- those shown by the peda 
applied to some other sul 


other 
standing feature is perhaps ™! 


m sc 
and even under S 


fri 


tonit 
pt 


| THE S 


cal - demons E Mo 
i r school science, 
g EL S practical 
, eshown. These demonstra- 
h E the foundation of this 
0 n, are augmente by 
on which welds the class and 
sal activities into a whole. 
Experiments shown as demonstra- 
enrich or extend a point which 
leveloped previously or should 
wer to a problem which has 
hi also be used as starting 
new inquiries. Through them, a 
| of efficiency for class activities 
"i 


used in scientific work may 
these functions are incidental. 
ation should not be looked 
kind of individual activity. In 
ganised work the demonstration has 
and a technique of its own and 
tion of one or two class 
be enlisted for the sake of speed 
y, it is not to be considered a 
)bjective of the work. 

The following types of senior 
» demonstrations are recognis- 


ivitie: Cyr d new phenomena, 
omena new ways, thereby 
entirely new experiences, 
ons of pieces of apparatus or 
ms in such ways that certain 
ise Eon attention, 
ts which provide answers or 
problems which ; 
Nr ich arose as 
ments which confirm or cast 


9n conclusions Suggested by other 


stitions or modifications of class 
performed to confirm doubtful 

4 simple activity t. 

complex one, A 


à ua value of the 
"ind the Dose association 
Chief function or 


he 


* 


" 


‘or the practical possibilities of - 


- which go very slowly and which 
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n is to render explicit the 


ience of the 
‘implicit knowledge and ciem tr 
pis a Bri cot be a lecture, but 
Rn ede to the thoughts of ne 
pupils. Long explanations are out of P ar : 
when made to accompany the bae , 
work. A teacher involved in long tà T 
during a demonstration should ask himse 
first, whether his aim had been correctly 
formulated and second, whether the demon- 
stration itself had been designed in the 
simplest possible form and operated in the 
most direct manner. Opportunities for 
more extended forms of exposition are 
likely to present themselves when the 
implications of a demonstration are being 
reviewed. 


the combinatio 


Illustration.—The work done by demon- 
strational methods needs to be augmented 
by further illustration, which should include 
the exhibition of pictures and diagrams, and 
the study of text books. The question and 
answer type of notes serves well to direct 
this study along the most appropriate 
channel. Text book work should be guided 
with great care as adolescent readers may 
easily be discouraged by attempting to 
read descriptions in which many scientific 
terms are used. Excessive technicality in 
the terminology used in some school books 
is a fault which is not uncommon. Books 
of illustrations should be S un a 
Parts to be studied should be define! uo 
cisely by the teacher, A child tends to E 
upon a Series of associated phenom x ix : s 
Broup of items, each of which needs indiv du d 
m Books which tend - Moe 
information i : resen 

ation in summarised form should he 
with discrimi; 
ummarising with chili; 


idren 


as 


Phenomeng in 4 
Oughly familiar. 
attained by 
type of book 
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w [6 e; — i | 
E i ee aie the illustrative side of value i i ; 
M vx. EPH i s " be done. Theoretic- special! RT i. 3 
rr edi ae antern and slides js activiti ae 
—-— | practice an adequate E s ps. 
1 of slides 1s not likely to be found | 
ol. This defect may be overcome 
re if loca authorities choose to 


'oraries and to co-operate in 
uly poc 


Individual Work. The y 
Carried out by the pupils 
certain generally accepted | 
d range af ae and others concerning Wi 

P à pecimens, mot p 
of affairs does not seem to ae een completely attaine 
development of presets without fear of contradict 

r those illustrations which 1 us by the pup 
by the teacher himself demonstrating NND from É 
orrowed from commercial brought i b Eee 
appears to have a limited work Should not s pup 
for illustration. This is a because it is the next “item 
forms of projector, the ^ because certain apparatus is co) 
t pre-eminently as the one hand, There must always be a 
r elective classroom work. ceived purpose in the minds 
om should have a lantern, as they do their work and this c. 
range of usefulness is not only by using a suitable intr 
icture showing. Incidentally, Instruction cards.—On. thi 
chosen should not be one organisation, opinions differ 
rated with an episcope in teachers have found that the 
epidiascope, as these instru- cards has been a helpful 
cavy and not sufficiently others, fearing the formality 
many practical purposes. the system, have preferred to 
As a really practical sub- plan of giving oral instru 
intern and a large selection schools, it is the practice to 
; of an episcope is recom- the children shall work toge 
\eans of such an instrument time on the same ex 
'tograph or drawing in full speeds of working being 
c shown on a screen, the of private study and kie 
mselves being obtained from . for this method of working 
catalogues, etc. In cases where lacking, however. At me : 
must be practised, the appears that a conmpinaMemg 
v be made in school, and an will be the ideal opted d 
| episcope of adaptable design is schools, the rra [ 
nd illustrated later, page 271, 59 un is. of the work, 

s who have had little experience mg x om, the ability of the 
ype of appliance may conveniently E: pe available. With able 
"ihe construction of one in their Pi prepared cards, remar 
has been made in many $ 


s+ and visits.—Concerning illustrative ing individual 
bs ^" as h films and school visits there E eal not be 
work tan = The general advantages and E m n any school 
ttle to say. 
$ d of work apply to ple se ation. For the 


sities of this kin 
;ce as to any othe 
|. the film and the sc 


£ sider: t 
r subject. Properly E have had little or po ex 


hool visit have great ; pe 


me 
ag 


us 
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coral from experi- 
y accepted meaning of 
pupils’ individual work will 
«ms of a constructional character. 
enters so prominently into 
reachers of science hesitate to 
‘many examples in their schemes, 
them to be time wasters. 
are, and unless a generous 
e is available or a plan of 
the instruction in hand- 
, many teachers may have 
‘schemes in this direction. 
f Education recommends this 
as being specially suitable 
] of the Scientific 
» chool organisation of 
oth teacher and pupils. It 
t this form of practical 
| üs its possibilities come 
ly understood, and in 

n later special emphasis 


h valuable apparatus 
mutual benefit of the 
ie teacher and the school. As a 
Jl be found that whilst the less 
do more constructional 
t fellows, the latter will be 
| the devices of permanent 
ypes of constructional activity 
mised, and a child should 
making an object whether 
à permanent addition to 
pment Or whether it is 
y value. Moreover, 
p required for 
E am moa after 
mined ly by the 
device shall work When 
pi to carry this idea 
ver, and to 
| these tem ie 
eR Be 
; temptation 
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Constructional work is ` 


Pree aR SCHOOL’: °3 
acher to preserve work whi he 
intended to be only of temporary Ngee 
and such a practice if indulged to any 8e? 
extent will destroy the atmosphere ir 
neatness and efficiency which shoul 
characterise the permanent stock. 
Constructional work in science is not easy 
to devise, to organise or to supervise. It 
is best introduced into the scheme gradually, 
a start being made at the top of the school 
with a class which has been reduced numeric- 
ally by the passing out of one or two groups 
of children of leaving age. In order to 
relieve the attention of the teacher for 
application to the new branch of activity, 
a convenient plan is to run à card system 
and a course of constructional work together 
If the cards are well prepared and the class 
is not unwieldy in size, the teacher will 
be at liberty to give special supervision to 
the apparatus which is being made and 
so to avoid waste of time and material. Raw 
material and a minimum stock of tools are 
essential. -The tools should not be borrowed 
but should belong to the science department 
and should be kept on a rack near the craft 
bench or in the drawers and cupboards in 
it. Although much can be done on a tabl 
adapted for constructional k, i is : e 
desirable t M Very 
i o have a special bench in the 
practical room set apart and equipped 
craft work. Such a b 1 Ere Sos 
: ench, designed and 
constructed specifically for use in a prac 
Science room is illustrated, pa. à prac tical 
both for wood and metal x 204. Vices, 
a pm extension leaf i eon 
: when larg 
being prepared o 
to use the bench 


ch was 
for the te 
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I 
pupils CE FO 
under- 
ior 


course of development 
\t the end of this article, 
ition of the Board’s list 
science teacher should 
c bare minimum of tools 


pparatus is of such value 
ls where adverse circum- 
excessively large classes 
dividual work from being 
icher should endeavour to 
stock, using his own odd 
work, In actual practice, 
isiasts will always be found 
pupils, who will be happy to 
work in their free time, thus 
teacher's lot to supervising, 

and suggesting. In circum- 

ich as these, the apparatus chosen 
section should lend itself to class 


ion. 


Summarising the character- 


Summary.- : e 
t school science teaching which 


f senior 
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have been outlined briefly here 
said that a discussion on some a 
pupils’ everyday experience of 
science gives rise to a series of 
the following types: 
I. Practical demonstrations, 
2. Visual illustrations. 
3. Individual or group investig 
4. Practical constructions, 
These activities are carried out for 
following purposes: s. 
i. To present opportunities for ga 
new experience. 
2. To revive or enrich old exp 
3. To test oF clarify — pl 


ideas. i i 
4. To suggest new ideas or problem 


extensive use of: 3 
1. The scientific experiment. | 


2. Illustration by optical proje 
3. The working model n 
4. Handwork as an ed 


The topic Heating, though 
“the material associated 
à Heat, differs from 
cularly in the points 
- Healing implies that 
of heat are to receive 
jut Heat attaches import- 

itself. The topic is a 
s quite naturally into 
y related sub-topics 
k on to other aspects of 
the treatment afforded 
e syllabus such as this, 
‘number of ways to suit 
— For instance, the 
, of combustion may be 
; section, if necessary, 
being felt. 
be incorporated with 
of breathing and a 
l Again, if it is 
used as a unit 
n of the course only, 
the work on heating 
(e.g, motor car radiators 
should be strengthened. 
sub-topics may be used 
into semi-independent 
uted at intervals over 
the purpose of this 
practical work have 
trate the followin, 
j Ene CY E 
AN y wa 
ibilities of UT 
Some of its 


leteness 


€ Jud of smoke, 
other on, the function of 


TOPIC I-HEATING 


2. Malches.—The history of matches and 
the modern methods of manufacture always 


interest boys. The topic can be used to 


extend the conception of combustion de- 
The subject 


veloped in the previous one. 
of fireworks arises conveniently here if 
desired. E 

3. The hot water system.—Every child 
whose home is fitted with this apparatus 
knows what parts comprise it. With the 
aid of a working model and a few illustrative 
experiments to show the practical effect 
which heating has on the water in the 
boiler, a very valuable series of lessons may 
be built on this topic. 

4. The geyser.—As an introduction to the 
practical use made of good conductors of 
heat in real life, this device can be very 
effective. The remarkably high temperature 
attained by the water issuing slowly from a 
small model always excites comment and 
focuses attention on the significance of heat 
conductors in other appliances of a similar 
kind. (Kettles, boilers, etc.) As a sequence, 
apparatus and material used to prevent 
passage of heat naturally call for some 
thought, and so the work can lead on very 
easily to the next sub-topic. š 

5. The vacuum flask —This subject does 
not always prove successful in school as 
many children tend to ignore the y E 
m uum on this subject su 
EL apes does help to av 

error and is 


acuum. 
gested 
oid this 
specially recom- 


mended if this sub-topic i 

attempted, IS. sub-topic is to be 
The detail f 

which Sei aectnal teaching material 


2 really practical 
i erience 
1S very limited. e 
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The coal fire. 
Starting with a 
phenomenon 


css à topic by 
and moving ae y: : Were 
recognised a. z ae Past 
the realisation gu 
t always easy to achi 5 t the scheme 
n ET s eve. The complex 
orms the beginning of 

nt detail ^c hs s Wealth of 

By using a veida net ead 
dere s esigned teaching 
u nas been stripped of the 
: e issues, attention may be 

© features which have special 

rein © through a model, 

ibjects which are not actually 

om may be revived. Teach- 

the coal fire grate can be 

v means of the following model. 
replace-—The device to be 

rves primarily to show the 
lampers, "draw tins” and 
Ventilators on an open fire, but 

be utilised in connection with 

the purpose of air in com- 

in the effect of chimneys. The 

elf, which is school-made and 

e of only the humblest of raw 

tools, consists of an open- 

mber having a candle holder at 

ind a chimney at the top. The 

í a shutter to various parts 
ument influences the burning of 

and suggests certain scientific 

Ihe chief fault of the device is per- 
mallness, but as the observation 
whilst it is actually working 
imply of noting the state of the 
no practical inconvenience 1s 
In any case, the apparatus can be 
without difficulty so that a set 
easily be acquired for 


prim iples is 


practice but 


is often 


ems can 


odel is built of tinplate and brass 
New material is quite unnecessary, 
the particular model illustrated uy 
from an old tin and a length of tu a 
" rail. Convenient dimensions for T 
ments are given in the dag 
sre not critical, Fig. I- The ce 


ese are 


PRACT] 


ES 
a 
CE 
Portion of the mo 
prism of ti 

bottom, m.s Ns 
Soldered joint and one 
cut in it, These re 
fireplace, one being ab 
on a level with, or below, 
I^. Provided that care. 


vum ce moe a en e 


ents or Mo 
FIG. I. COMPONENTS 
(Dotted lines indicate been 


xd periods, straight- 


will serve quite wel 
ndows can be cut with 


or the base of the prism 

tube of tinplate soldered 
iube can be cut from a 
‘and then shaped by 
a wooden stick whose 
with that of the candle 
top lid carries a narrow 
act as chimney, and is 
same way as the base, 
mplete apparatus in its 
shown in the photograph, 


, model, a candle is fitted 
‘with its burning end just 
el of the base. The main 
4 household grate are thus 
serving as fire, the 
and the two windows 
at the front of the grate. 
tus is in the condition 
adle burns in a normal 
ing modifications and 
be made:— : 
the chimney and note 
flame. Compare this 
opening on the front 
ind observe the decrease 
‘the excessive smoking 
re with the action of 
èd in front of the ashbox 
The cover used for this 
À be transparent and fire- 
$ met very satisfactorily 
of this valuable 
d from dismantled 
of obsolete wireless 


[i 


and the flame 
' Supply is practically 


m -ompare 
od of "drawing 
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_ The following inter- 
i strates 
z i t which demonstrates 
oe n t air has not ree 
war t i I. hes 
p. E cr y which it deserves. As 5 ice 
a direct pearing on the action of the Popes : 
: : A piece 
‘ust described, it PP 
n ordinary thin tissue paper about six 3s ove 
square is bent into an open-ended cylinc 
id fixed with a folded or very lightly 
pasted joint. It is then stood upright on 
the bench and the top edge is ignited at two 
or three points. The ash which remains 
when the paper has burnt out envelops à 
quantity of hot air, whose lifting power is 
usually sufficient to carry it to the ceiling 
like a miniature balloon. 


Matches. —The materials and methods used 
in commercial match construction are chosen 
to meet the following general requirements : 


i. The match must contain a quantity of 
combustible material. 

2. It must have a self-contained oxygen 
supply. 

3. It must be convenient and safe in use 

4. It must be capable of easy ignition. 

5. It must be non-poisonous. 


By undertaking the preparation of a 
Specimen match or two, pupils may be 
helped to realise the significance. of these 
points. Manufacturers vary in their choice 
of materials, but for school purposes the 
recommendations made in the following 
paragraph are convenient and give satis- 


factory results, and ma. 
[ h therefore be 
with confidence. x a ma 


Sugar matches —Pri i : 
pr. ioc gel to the introduction 
century, the su 
popularity, 
standards it i i 


y in the nineteenth 


xd eres bic 


nade into a thick 
t few drops 


previousl 
Pio When the e o 
py may be ignited by dippin 
ty in bs sulphuric acidi 
fence of each it i n 
f the matches b Ee coat 
ns eloped 
enes of demonstrational experi- 
ction of the potassium chlorate 
Durning a small quantity of 
igar alone on a tin lid. The 
the burning process will be 
\ mixture of sugar and potassium 
iow used. The mixture flares 
tartling way, due to the oxygen 
the chlorate. Clearly, the 
potassium chlorate facilitates 
Ihe action of the sulphuric acid 
wn by putting a few drops on a 
uw. The heating effect makes 
in the bubbling, blackened 
results. 
tches are made with normal 
chciency will not be questioned 
pils, for the chemical action 
a reliable one which does not 
ision in the proportions of the 
sed. The defects of these sugar 
very evident to anybody who 
n, and the pupils' own experience 
to show why they were super- 
the friction type. A demon- 
he rotting action of concentrated 
on a piece of rag will bring out 
the danger associated with this 
nd will also encourage the pupils 
) it the respect which it deserves. 
h the work just described is easy 
when properly conducted, a word 
ening is necessary at this stage, 
Jarly for those teachers whose practical 
ce of handling chemicals is limited. 
m chlorate should never 
bed or ground with any combustible 
as there is danger of epo 
ground in a clean mor a 
i Board of Education: Admin! 


! paraffin. 


f all, potassiu 


teria 


it may be 
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strative Memorandum No. 


a small dish of acid on the t 
and a sheet of old card « 
to catch any acid droppin 
the spent match sticks, 
previous experience of conce 
should either obtain some pr 
or at least read on the sul 
Work on practical chemistry, 
Safety matches. —Work on 
shows that matches consist 
ignition, an oxygen 
combustible material, and 
clearly the essential princi 
match action. Owing 
character of the reactio! 
inclusion of further i 
matches in school c 
Fortunately, the loss is ni 
ally, although some of 
experiments are very 
Explosives.—Tlhe reas 
experimental work on su 
are indicated in a recent m 
which the Board of Edu 
the dangers of carryin 
study of combustion too 
reports that, as a result 
mixture of red phosphorus 
and potassium chlorate 
the study of mA 
unexpected explosion 0€ 
5m a science lesson and 
injury to the teacher 
memorandum proceeds uw 
extremely dangerous char 
chlorate when mixed 
or red phosphorus ane 
illegality of preparing * 


et 

TEACHING ! 
the making of gun- 
xperimental purposes and draws 
the Jaw regulating the manu- 
reworks. Further, it indicates 


dangers of chemistry sets and 
out fireworks in children's 


ion with neither matches nor 
ould explosive mixtures be 
the experiments should be 
classes of work exemplified 
ding paragraphs on sugar 
d the following ones on fireworks. 
As fireworks are closely con- 
| matches, it is easy to extend 
abject to the other. As a rule, 
re composed of three classes of 


substances. 
n suppliers. 
r-producing chemicals. 
ing two activities, which illus- 
of experiment which may be 
the present heading, are 
and are easy to carry 
The first demonstrates the 
plying property of potassium 
| the second the pyrotechnical 
certain chemicals. 
h has Bec in a con- 
aqueous solution of potassiu 
id then been allowed Lr wil 
apidly if a spark be applied to it. 
! on commercial fireworks consist 
! deni been treated in this way. 
the necessary solution 
pare Such tips for themselves, 
m may also be used to make a 
ad dp A drawing or word 
of tracing paper, using 


ustib 


i , continuous, Plent 
EN ete paper 
pplied to Apes of smoulderin, 
A ole design burns 


N THE SENIO 
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itself out, due to the oxygen PI9V ided by 
the potassium nitrate. ss: 

The flame tests of the analytical chem! 
can be simplified and used in the Cue 
school in connec 1 ireworks. The 
colour-producing hemical is introduced into 
the bunsen flame by 0 
of iron wire. Convenient su 


alec 


hemist 


SUBSTANCE FLAME 


Common salt Yellow 


Copper sulphate Bluish green 


Potassium mitrate Lilac * 


Barium nitrate Green 


Crimson 


Strontium nitrate 


Fic, 2 
. TESTING FOR COLOUR EFFECTS IN 
Bunsen Frame p o 


py teachers 
abs EM : Water syste 

pe apparatus intended to * &. 

show 


From the point of 
ather more comple 
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i “ACHING IN PRACTICE 
‘ig. 3), though | 

Or nai, ugh perhaps or 

gps. Capable Pupils ee ae 

EM nia na to be of great beri a ONE 
Ung illustration in ae | 

s Aud an elementary course 


it may 
: ' the 
household 


Hor 


TYPE 
eM, FITTED WITH PIPES 
JE A SECONDARY CIRCU- 


MMERCIAL OF 


THROUGH RADIATORS 


lel hot water system illustrat- 

nplicity has been achieved by 

| hot water taps except one, by 

both the automatic supply tap 

istern and the secondary circulatory 

ind by utilising a primary circulation 

the simplest kind. The form of the 
i| apparatus is most easily visualised 
the aid of the photograph, but the 
ram (Fig. 4) shows the pipes and 
more clearly. Apparatus of 
be made in either metal or 


thons 


kind may 


apparatus and t 
round which most of de 


Simple MODEL FIREPLACE 
Stuete MopeL Hor WATER 


a combination of glass and 1 
model illustrated, a boiler | 
length of copper exhaust p 
an old motor cycle is used. 


is fitted with sheet copper 
soft solder holds the end plate: 
The inlet and outlet pipes. 
tubing cut from an old gas b 
connected by means of glas 
rubber joints to the cylinder, ; 
of exhaust pipe, fitted will 
stoppers, forms the cylinder 
alternative cylinder is a lamp 
hot water tap is an old gas 
cold water cistern is made from. 
tin. After filling the system with 
heat is applied to the boiler 
bunsen burner. Hot water fi 


E APEC LE EL 


pipe to the upper part 
it accumulates ready 
hrough the tap. 
ial forms of hot water 
r cistern and the hot 
are built as a unit 
of the lengthy 
with the usual 
nt Bade unit 
hich divides off the 


R SCHOOL 21 


B 
Fre, 5. ANOTHER ARRANGEMENT OF MopkrL 
Hor WATER SYSTEM 


gives constructional details. Two similar 
cans represent the storage unit, the bottom 
of one and the lid of the other forming the 
double partition. A gas tap soldered directly 
into the wall of the lower tank is used to 
draw off the hot water. A boiler similar to 
that already described completes the 
apparatus. 

Experimental work—The usual experi- 
ments on convection in liquids should be 
associated with this work on hot water 


systems. The following two are particularly 
usefal. , 


ensity may be di a 
clearly demonst: ud irectly and 


half full of cold 


is used as a 
ch is to be 
d should be 
Crystals of 
er to make 


212 


it contrast with t 


beaker. 3y p i 
By pouring gently it is possible to 


FLOATING Hor WATER ON COLD 


as the piece of wood in the 
ts the hot stream and helps it 
clearly defined stratum above 
liquid. 
lation of water under the 
convection currents may be 
imply by means of the following 
apparatus. Two glass tubes, 
o the shapes shown in the diagram 
e connected by two short rubber 
form a circuit. After filling the 
with water, a few crystals of 
fr 


} 


sin) eC o 


TUBES FOR CONVECTION APPARATUS 
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he liquid already in the 


. pimple may be 


Fic, 7B. Action or Co 


potassium permanganate - are. 
neck, On heating a 
(Fig. 75), a circulation 
shown very clearly by the 
purple colouring. To 
whose experience of glass 
limited, the process of 
the upper tube of the 
diagrammatically, Fig. 8 
with a straight piece. 
Using both hands to s 
point near one end 
bunsen flame until 
heating of the tube 
rotation. When the gla: 
is pulled out slightly, 
to the constriction ca 


small an area as possible. 


begins to collapse inward: 
point (Fig. 8d), the o 


tube from the flame | 
the mouth into the tube 
pimple should thus be pr 
By repeated heatings àpj 
head, alternated by 


d finally burst, tuere». 
Fig. gh. At this stage, U 
cut off and the rest of th 
required shape m the 


del is 
lass tubes. uch à mo 
fonnecting one tube to the tap on LY 
the metal with a bunsen burner, F15- 


Fic. 9. SIMPLE MopeL Hor WATER GEYSER 


ter, gives à 
ot 


In the illustration 


A model, fitted with a spiral hea 
more convincing performance than one 
the straight tube variety. 


below, the apparatus is shown as a self 

contained appliance, with no external water 

sous IN BLOWING A NECK ON connections. The heater for this model i 
A Grass TUBE prepared by coiling copper tube round à 
stick. The tube should have à diameter of 


about a quarter of an inch. By taking care 
it is possible to avoid undue flattening of 


the tube without resorting to the artifici 


A very simple model of this 
pan be made by plugging the ends 
ube with stoppers which carry 


[Y xx 


SPIRAL Type UEM 
8 E MODEL Gry. 
YSTEM WITH COMBINED Hor (On left) 


AND Co 
LD STORAGE TANKS (0 
n right 
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of packing. The coil, when CO; 


mpleted, should 
permits a bunsen 
hole of the inside 
at once, Straight lengths 
e heater connect 
apparatus. The coi] 
on was made from 
an old motor car, A small 
upper end of the heater 
w through the apparatus and 
hed to the lower end serves as 
reservoir, A wooden stand of 
n holds the various components 

l in their correct positions. To 
eyser, the tap is turned on and 
lame is then arranged within the 
It is convenient to have the 
axis in a vertical position, 


hay e à 


lame 
flame on the w 


f the coil 
of tube 


» th 


in 


the illustrati 
pipe of 
t the 
he fk 


| 
j 
- 
| 


Mope yr WarER GEYSER WITH 
1 loper H 
Fira 


Sprrat HEATER 


CTICE 
flasks NOW availa} 
for the present purp 
able to have many. ; 
School, and as the in 
which lends itself t 
an instruction card E 
advantageously be 
Of a small group 
Paragraphs not only 
struction card ma 
particular experiment, 
card system may be. 
initiative through 
work. A card wh 
only and which 
for individual effort 
criticism. 

Purpose of experiment, 
vacuum flask keeps liquids 
its walls contain a 

Apparatus required. 
mounted in stands; 
stoppers to suit; three sii 
a watch or clock; 

; ete; A 
PIE on apparatus. 
one, and No. 2 is exa 
the pip has been cut off, 
fore has a vacuum |. 
walls, whilst No. 2 has 
air. No. 3 has had most : 
wall taken away, so that 
inner wall and so th 
if the outer wall makes 
the working of the 
very delicate—handle 

Practical ne be 
asks are to be filled v 

a rate at which each cools 

with the aid of a t om 

e by the vacuum « 

in vill be shown by the. 


the three flasks. 
Notes on method. —Obtain 


An impressive oe 
influence of the 
nt which illustrates the influ 
me l 


þe 
~iency of the flask can 
uum on the eris Aube süita l 


The cheap vacuum 


The vacuum flask.— 


ar out with the 


| red specimens. 
prep» 
I 


water from the kite 
room. Bring the wate ; 
a bunsen and then 
minute or two to avok 


flasks. 


alike) Put the 
ers into position. 
above the 80° F. 
bove the stopper in 


time and also the three 
Read the thermo- 
ten or every fifteen 


ent, feel at the out- 
Which appears to be 
to escape? 
observations in 
columns as follows:— 
perature Tem, erature) 
lask 
LU . No. 3 


ent in a few sentences 
m, State clearly what 
ations have shown. 
en d experiment? 
A temperature 
| during that time? Did 
he heat particularly well? 
of the flask make much 


Look up details of the 
)ewar, the inventor of the 
e sure to notice for what 
e Sir i id vacuum 

grap in your 
heading Sir James 


1 showing the various 


'ence books, find out: 
m flask walls are silvered, 
fe is a pip on the flask 
E 
out about the 
i of the following 
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hermometer in the 
t takes for the 
°F, (Us 


water 
water to coo 
a watch or cloc 
experiment, using the same am 
water in a dull black tin. 

Enter your results in your notebook. 
What does the experiment suggest to your 

5. Try to make a pip from a piece of glass 
tube. Heat the middle of a short length of 
tube in the bunsen burner. Hold both ends 
of the tube and keep turning it as it is being 
heated. When the glass softens, take it 
out of the flame and pull gently. Try to seal 
off the two halves of the tube neatly in the 
bunsen. Under the heading Making a Pip 
draw three diagrams to show the piece of 
tube as it was at first, its appearance when 
it had been drawn and then the pips after 
they had been sealed off in the bunsen. 

6. Make a list of common appliances which 
are polished in order to avoid rapid cooling. 


ount 


_Note.—The - experiment just described 
gives convincing results, as the following 
set of observations illustrates:— 


n lask x lask Flask 
1 | No. x 0.2 | 
Time | (Un- (No Top 
| damaged) | vacuum) |— wall) 
10.45 a.m. | 167^ P. | 157°F. | 163^F. 
Il.oam. | 165? F. | r49?F. 153° F 
ILI5a.m. | I64?F. 138° F. 140° F. 
Ir3oaqm. | 1632F. | I31°F. 132° F. 
1r.45a.m. | 162? F. | 126°F. x 36° F. 
I2.0noon 61°F.  r2o?F. 4 ? F. 
L30p.m. | 155° F 98° F. ae F. 
2.30 p.m.  r50? F, 84°F. oe F. 
4.30 p.m. | 140° F. 65°F kes 
` 5 NM. 


e c Xtent indicated 
The last thre 
à nly &ven in order to show the 
al possibilities taken to their 


© entries in the table 


| asks required for the experi- 
E be prepared carefully. The 
E uld have large pieces cut 
the sides, so that the interior 
be seen without having to 
ppliances. Cases prepared in 
^ serve as holders for the glass 
experimental work, Fig. ITA. 
of flask No. 2 may be destroyed 
! the pip with a pair of pliers, 
I tool and method, much 
^ modicum of good luck, the 
the outer glass wall of flask 
broken away. successfully. 
iccessary nor advisable to 
move the whole of the outer 
If they can be spared, three 
hould be set permanently in 
Heavy loss through 
likely if boys attempt to 
crmometers. 
of a pip, suggested in Further 
an example of a type of work 
v to overlook. Most text books 
pip as an unimportant trifle, 
most certain to ask about it 
k is first shown to him. As the 


toppers. 


) ion.—The design of a syllabus, 
pec of topics which is made when 
ng it, both influence the distribution 
n items of subject matter very Con- 
a s these lend themselves readily 
difi rent. treatments. Thus, when 
| it is quite fitting 


n 


j 
ai 


ng with the bicycle, 


ne 
FIG. II. A. VACUUM Fi 
CASE 


B. FLASK 


pip arouses curiosity, i 
include a little investig: 
Short lengths of glass tul 
scrap box may have a 
service in this connection. 


lamps, 

accepts these S 
another connection, ' 
figure in the hec 
Lighting or a topic COS", 
2 major feature ng 


rating” items can be 
a rather strange 
ee satisfactory 
ne aspects of lighting,” 
topic The Bicycle, is an 
unusual 


ese but effective 
"he following headings 
topic liberally in order 
ve which it may cover in 
a bicycle save energy?—A. 
contribute to the efficiency 
‘means of transport. By 
with walking, in the light 
perience, it is possible to 

ese factors are and to judge 
speed possible on a bicycle? 
consideration of ease, speed 
advantage of cycling. In 
the bicycle is treated as a 
working at a mechanical 
luces speed at the expense 


inflated tyres used on a bicycle? 
ty of air, developed from the 
yre, is a very interesting topic 
n. Bicycle tyres, pumps 
deserve attention in con- 
they may be used to 
subject of compressed 
applications, 
Mn M —In almost 
bicycle lamps show the 
practice of the principles of 
tery and dynamo lighting. In 
cycle lighting is unique, 
system of lighting 
"By sources mentioned. 
3 s Sub-topic are 
Tuis a particular 
ned by the time available 


vos al 


ctc: 


E osi 
show pics listed 
yn in the previous 
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plems. A course built 
of problem topics has 


form a series of pro 
up on such a group ` 
much to recommen it. 


ised in conventiona 

-topic is con 3 
EAD aod gravity, and. the function, a 
the wheel, the bearing and the inclined plane. 
In school there is a danger of letting these 
generalised ideas take the lead, so that the 
interest in bicycles which started the inquiry 
is lost. This should not occur. The topic 
is the bicycle, and this must dominate 
throughout. , 

Walking and cycling.—lf a class is to 
realise how a bicycle enables a person to 
travel under his own power with à less 
expenditure of energy than when walking, 
some clear thinking and sound exposition 
will be needed. The problem can be the 
basis of a useful and most interesting piece 
of school work, but it is one which requires 
a carefully prepared presentation. In an 
inquiry of this sort, the first thing to do is 
to put the subject to the class in problem 
form :—-Why is it possible to travel more easily 
when cycling than when walking? A number 
of suggestions which give possible solutions 
will be supplied by the members of the 
class when they have grasped the precise 
significance of the question. 
replies include the following 
guises :— í en 


Favourite 
in various 
1. When cycling, a person is sitti 
; , i g 
oes bicycle has wheels. s sitting down. 
: eed is easier than walking 
s e win . 
is cycling. , can help more when a person 
DA bicycle 
6. A bic 
pushing, 


goes by itself downhill 
ycle moves easily without much 
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bicycle mark off the , 
tion from each other mM zn si i 
appears to. be a fundamental centr EL 
In order to com i s mq moves 
z compare cycling and Speed. A similarity bet 
ac mp Jt is necessary to illustrated thus reveals 
EN NU 
Pts es ; © bicycle rolls of a main mass which 
Ly rotating w eels 1s obvious, speed, and a 
UNIDE compare with rolling? 
! rolling —A well known plati- 
ry misleading character, states 
l is the one mechanism not 
In a narrow sense, this 
t the system of locomotion ) 
el is designed to utilise, rim in contact with the 
> common enough in nature, by one or two spokes, 
mechanisms which use it reveals a distinct similari; 
ture from the wheel. The functions of legs and spoki 
` is intended to show that and the rim, Both legs and 
cling, is really a process of the main mass of the obj 
the stationary portion. 
hows a man walking behind which is pushing on 
hich rolls along on large wheels, part which is steadily m 
working parts of the person - feet and the rim are 
apply a steady push on. 
the forward movement o 
not interrupt. 3 
The design of man is su 
set of spokes and a coni 
are unnecessary, as each 
provided retraces its path 
service and so brings i 
the working position again 
ati has quite finished its co 
DIAGRAM TO ILLUSTRATE THE back to the starting posi 
PWEEN WALKING AND ROLLING long period of idleness chara 
ON A WHEEL spokes of an an i 
s ; el can be considere 
and two feet which swing s feet, particularly if 
j ‘entre, the feet describing a ‘the spokes. In na 
hips an ‘hiss radius equals the V ete movement, 
= A The Pyme EE is replaced by co 
; ward at a fair 5 
ly move forve part in the Pone fundamental oa 
^f vopulsion. Their weight forms is adopted both in walking 
ips. In the case of is € it follows that | 
1 load on the hips. l only action, 1 to other factors, 4^ 
lane ed ferring to one whee. t be due to 0 ER 
farm cart (referring he working parts SD these are dealt with in 
he sake of simplicity), the hich rotate whic a great exte 
cs 3 series of spokes W: d depend to srad 
m and a s » axle shaft. The 
round the a) 


difference 
walkir 


moment are taking mo pq 
of propulsion, for under s 
wheel resolves itself into 


of propulsion. 


aduy 


or Lecs AND FEET 
on Spokes AND Rim 


ed, and the sequence 
“necessarily be adopted 
which is fully satisfied 

above will suggest 
which haye no con- 
In cases where the 
lies in the wheels still 
ences between leg and 
‘be developed further. 

roaches lead to the 
tue of the bicycle 
through its action the 
distance for every leg 


A fact which differ- 
n walking and cycling 
his sitting removes the 
body from the cyclist’s 
directly to the road 
ves and Ds 'The 
h ri and therefore 
ed partly as a result of a 
a tirely lacking when 
g illustrations show 
transference of dead 


‘ands motionless quickly 
constant strain on the 
the legs. 


* bicycle without 
ne very soon shows 


y tiring, although 
àn inanimate Bee 
do equally as well as a 
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TOR CHOLE 
can move & heavier load than 


e the 
lets the ground take t 
DUE i lies a push or 


4. A person 
he can carry 1 
weight directly and then app. 


b. balance.—Pedalling offers a feature 


which is lacking in walking, pandy a $ ra 
of balance between the two legs. The p 
moving downwards balances the other MK } 
is rising, and so Jittle is demanded of t E 
rider apart from ihe effort actually usec 
^ ; hine, A lift with 
in propeling the mac 
balance weights and movable roadways of 
the Tower Bridge type make use of the 
same kind of balance. The lifting of the legs 
which is involved in walking is a tax on the 
strength of the pedestrian concerned, and 
makes no contribution to progress. 
Gravity—The influence of gravity in 
cycling is a mixed blessing. On down 
gradients, with the aid of a free wheel clutch, 
cycling is gloriously easy, but uphill it is 
often an ignominious failure. In any ride 
which starts and finishes at the same spot, 
the helpful and the hindering effects of 
gradient cancel each other out apparently. 
A practical cyclist will not agree with this, 
for he knows from experience that a long, 
gentle down gradient is of greater assistance 
than a short, steep one, and that a short, 
stiff rise is a less serious obstacle than a 
long, steady climb. On level ground, of 
course, the effect of gravity may be dis- 
counted completely. 
od Rm pns 
o is 
effects should be indie. rese à Set 
available for this work are PRI ai lonal in 
Bs and utilise traditional den, 
aetna re oc 
Bode For a But = 
e gradien incl etween 
ene i aes plane and the 


will be investigated 


Trolleys represent bicye 


planes Tepresent hills, 


tensions in ce 


: rds represen 
r wher 


» 4nd so on, 
-—Arising out of 
§ or of 


t forces on bicycle 


0 either the 
7! gravity is the obvious 
( h a bicycle offers in its power 
rhe capacity to make an 
‘ctive Over à variable road 
lly lacking in walking, although 
! most wheeled machines; e.g., 
rambulators, shunted railway 
juently, although a pedestrian 
control over his movements, 
Urn or stop with the greatest 
"not appreciably decrease the 
ilses which he has to employ. 
certain distance. 
of a rolling mechanism deter- 
pacity to free wheel. A human 
‘ks does not free wheel at all, 
à favourable gradient, gravity 
oluntary running which might 
ı rudimentary form of free 
\ farm cart, with its heavy, 
hows but little disposition to 
\ bicycle, on the other hand, 
long under the impulse of a 
Ihe reasons for these differences 
ilt to comprehend. 
| feet which form the driving 
f a creature which is walking 
, and in the case of human beings 
quite a large part of the total 
w these heavy parts perform a 
backward and forward swings in 
moving steadily with the rest 
iv. These reciprocating move- 
racteristic of walking are kept up 
ugh the expenditure of energy 
rom the muscles which operate the 
Ihe wheels of a farm cart are heavy 
be set in motion only by applying a 
o them, but once started they dd 
n ney to continue. There 1s, te the 
rey lost in frequent stopping © 
"B2 ittle i tarting in à new. 
parts and little in res th 
t ETE i ect that the 
It is in this resp $ The 
rer walking. 
el has an advantage over is HE 
nparatively simple movement o 


CES 
can be set up by ṣ 
the rim, A e 
gravitational pull 
rotation of a Toad 
take place solely as 
tion of such simple dı 
The bicycle is d 
possible use of , 
enjoyed by the w 


nection with this 
movements are red 
and the whole machine 
in order to attain free r 
tion of friction is an 
bicycle design. The 
clutch enables a bicy 
influence of forces 
through the medium of 
ment or alternatively 
an external force, espec 
Friction and ball beari 
friction can be illustr; 
the conventional types, 
ball bearing sho 
with the bicycle itsel 
gation, which illustrat 
ball bearings in contr: P 
out with the aid of cycle p 
wheel of a discarded bii 
its tyre and tube, an : 
place in a front fork wi 
to the bench, Fig. 14. 


Fic. 14. ARRANGEME 
TO COMPARE THE 


j) revolutions 
s releasec The number 

ilt from the impulse 
noted. By adopting 
rement, the wheel 
the influence of a 
apparatus does not 

string and weight 
ism after approxi- 


ws i The most im- 
P of the bicycle 
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sed. The human 
ing with comfort 
er than those required in 


ordinary walking, but they are not adapted 
ior high. speed. When they are relieved. of 
their normal burden of weight, the legs are 
able to exert great pressure without being 
strained. Therefore, in making the best 
possible use of the legs as a means of loco- 
motion, the bicycle takes upon itself the 
function of weight-supporting which normally 
devolves on the legs and then offers an 
economical system for applying the pressure 
which can be exerted by the feet. When 
walking, a single movement of the leg 
propels the body a distance of two or three 
feet. When cycling, a single leg stroke 
which is comparable with a stride drives the 
machine and rider a much greater distar e 
VC D Hence the suggestion that the 
cyde i i i - À 
Ps is a machine which lengthens the 
The importance of 
th i 
the cyclist on each T i applied by 
distance travelled per le aser 
be illustrated fully in i c need, to 
gaa of walk eaching. Modified 
skati king, such as skati 
ating and stilt walking, sh ans) roDleg 
of lengthened strides ce ES ee value 
from these to the use of rath s Seveloping 
machines, a good seri ather more complex 
pet ries of examples can be 
The hobb 
yy horse.— : 
the bicycle's er The basic reason f 
most satisfactori ectiveness can be ti hi 
but similai ctorily by consideri taught 
Euer ) ering a 
machine. Th simpler 
a complicated E m modern bicycle is 
3 y evolved during the Which has gradu- 
Tae primitive inve 
1g. I5.  Followin 3 
skating and g the discussi 
machine Or it ; thi x bs 
i Is historic 


been discus 
legs are capable of exert 
forces much great 


BY Horse, FORERUNNER or 
loDERN BICYCLE 


perates in a similar way, 
rider of the latter machine 
ible to use both legs for 
weight of the hobby horse 
ted by the saddle and stomach 
wooden cross beam, Fig. 
scooting and hobby horse 
have a striding action, and 

is travelled for each leg 
During cach stride, a definite 
ed with the foot and this propels 


l'arthing" bicycle.—Although 
of pushing with the feet is 
this later machine, the work 
convenient by the fitting of 
16. In order to attain a large 


" r F BICYCLE 
Ing Penny FARTHING 


16 


Movement of the | 
Stroke, the driyi 
big. Mechanically, the. 
enough, although its stabi 
leave much to be des 

bicycle is the penny farthi 
& modified form of pedal 
wheels of equal diame i 
Tear wheel drive. None of | 
fundamental and the mo 

the penny farthing, uses 
pair of pedals to propel 


Why is high speed possible 
Like other simple mach 
acquires speed at the 
Tn working out this pri 
extends the scope of its 
include the mechanical 
bicycle. d : 
The three speed gear—! 
subject of the problem Ne x 
makes a good starting 
the value of a variable g 
they know the circumsta 
the use of the various 
exactly what effect a gear 
possible to decide why a 
speed transport. The p 
tion which the boys | 
subject of three speed 
gathered together and tab 


Normal 


High 


Verification of these g 
may then form the subjec 
work. Firstly, E 
pedalling speeds and He 
gated by measuring the € 


the pedals 
gt road speed 
without increasing 


P 


rements for the purpose 
graph are being made, 
to avoid slip. After 
in a vertical position, 
of the front wheel is 
the ground. Under 
applied with the 
machine is driven 
Pea " H 

n in a vertical 


chalk marks 
revolution. 
tal results:— 


al a the 
; ù (Ay road 
M4 feet 


pase 


I 


; 5 ail the bench 


is now made. - 
‘has occurred, - 


The | 


^ 
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with its back wheel clear of 


1 he 
rearmost point of t 
is attached by 


presents the 


To the 


ace. 
the surfac im a weight 


back tyre at r 

eans of cord. ae 
(a applied to the by me 3 
which the machine and rider are p er 
along. After setting the pedals in a horizonta 
position, spring balance 1s hooked on to 
the front pedal spindle and held so that ıt 


balances the weight which is pulling against 
heel, Fig. r7. The force 


it on the rear W 


Fic. 17. CoMPARING THE Force APPLIED ON 
. THE PEDAL WITH ITS RESULTANT AT THE REAR 
WHEEL RIM 


necessary to balance the weight is read on 
the balance scale. The machine is then 
set in another gear and the observation 
repeated. Results obtained in this way are 


| as follows:— 


B o oor aane 
Tw | 3b 33 1b. 

i Normal Ilb. 5} Ib. 
pen ETTO. 7 lb. 


or two investigations described it is 
y see that for a comfortable, steady 

: high gear produces a 
an a low gear, but it 


2. : pressure 
| E. comparing the tables of os pedals 


pense of speed, 
er is lost and speed 
uced to 11b., and 


revolution 


Ast 


È H 
U chanical 


EXPERIMENTAL 


TEACHIN 


gives a ro 


än a person riding 
force th 


attain speed. 


ribe d Sugg 


ient, 


l 
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‘nary roads, only a very small 
n order to propel a bicycle 
torce can be measured very 
: à cyclist with a cord to 
balance is attached. That a 
ipply a much greater force 
pedals may be shown by 
To make the observa- 

in à normal position on a 
‘as its rear wheel jacked 
attached to the bicycle 
^? à spring balance and cord, 
' applied by the foot is 


| the balance scale. 


ING THE FORCE 


advantage. — The 


ARRANGEMENT USED 
APPLIED BY A 
CYCLIST ON THE PEDALS 


principle 


h relates loss in power with gain in speed 


ow 


ncancc 


to be given richness 


and wide 


bv references to other kinds of 


Many of the common 


appliances 


given special thought , 
bicycle according 
Speed is positive or n 
considered should i 
complex examples, th 
being a gain in force 


applied to those machi 
the force applied to them. 
is linked to the 1 

advantage or Speed Adi 
embraced by these series 
very wide one. Wi 
exhaust its possibili 
are given. These shoul 
may suggest fruitful 
development may take 


Machines giving 
Mechanical Advantage’ 
Wedges: Teeth; | 

needles;knifeblades; | 
| ship bows. 
Screws: Car jack; 
engineer's vice; pro- 
pellers; nuts and 
bolts. 
Geared mechanisms: 
Gear boxes; clothes 
wringer. PN 


Mechanical advantage 
effective way of conc d 
make observations © 
machines which 
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to de 
from these 
e of the whole 
» necessary measurem 
A the aid of a complete 
w 


pretera ki i ld 
" Me to à lapt an o Ra 
1 i apparatus suggested is shown 
work he Ww: 


5e ut as 
e below. Set o 
ia the photograph M iners: 


nplete machine, 


the mechanical 
Although 
be made 


termine 
appliance. 
ents may | i 
machine, it 1s 
bicycle for the 


illustrated, the device is ^ 
tions to be made on a co 


Aw Otp fucvenrk ADAPTED ror EXPERIMENTAL 
PURPOSES 


but by removing the driving chain the rear 
wheel unit and the driving mechanism 
become independent as each has its own 
support 

To determine the mechanical advantage 
of the crank and gear wheel unit, the driving 
chain is hung over the sprocket teeth and 
lo one side of it a weight is tied, This is 
balanced by a force applied to the pedal 
through a spring balance, Fig. 19, Different 
lads are tied to the chain and the corres- 
ponding efforts measured on the balance. 
The numerical value of the mechanical 
advantage is found by dividing the Weight 
ön the chain by the force indicated on the 

nce 

A similar atrangeme 
bh adopted for the re: 
wot. A weight is ti 
toad wheel and the 


mt to that described 
ar wheel and Sprocket 
ed to the rim of the 
spring balance is hooked 
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JG CRANK A 
Fic. 19. How TO ARRANGE THI 


GEAR WHEEL UNIT 


in the driving chain which hangs over 


small sprocket, Fig. 20. Eod 
advantage, which in this case is E 
unity, is worked out by dividing ~ 
on the wheel rim by the effort applied 


sprocket chain. 


Fig. 20. How ro ARRANGE HE R 
WHEEL AND Sprocket UNIT 


The mechanical advantage of the cor 
bicycle can be determined by direct , 
ton and then compared with the 
of the two already found, F 
of the experiment, the twou 
by means of the driving cl 
tied to the wheel rim is su 
applied through the spri 


nits are 
hain, and 
Ipported 


ng balan 


ur 


‘or this last 


1 
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pedal spindle, Fig. 17 
Weights are used. A 
rim, divided by 
pedal 


gives the value 


the 


^ ' 


we for 


results 


show 


f the work 


TEACHIN 


The lo 
the effort a 


GOINCPRICTUONM 


Several different 
ad on the Wheel 
Pplied on the 
of the mechanical 
7f PR Whole machine. 


and gear wheel unit, 


On pedal 
bindle 
Effort) 


M echanical T | 


advantage 


— gives a speed advantage. 


l and sprocket unit. 


On sprocket 


chain 
F ffort) 


41 Ib. 
6} Ib. 
9 Ib. 


pletli bicycle. 


On pedal 
spindle 
Effort) 
21 lb. 


41 Ib. 


o} Ib. 


retically. 


Mechanica 


vantage of second 
18 X ‘It 


20 


M. echanical | 


advantage 


M echanical 
advantage 


` 


"20 


| advantage of whole machine 
ical advantage of first X mechani- 


The 
the experimenta] 
described: 


— stration the tyre 


factors which contribu 
economy of the modern 

X. Use of mechanical 
light wei ht. Me 

2 Complete Cessat: 
able gradients, 

3. Application of 
the road through the 
wheels, Uu 

4. Balance of legs du 
| the pedalling mechanism, 

5. Slow speed of legs, an 
loss due to internal friction 
6. Use of definite 
| foot: ; 
7. Use of a driving r 


8. Use of a variable 
mechanical disadvantage 
cyclist works to suit road 


Why are inflated tyres u 
Many children are not 
parts which together fo 
tyre, and for that reason 
that this sub-topic be si 
an inflated tyre. In the « 


mantled, inspected, rea 
again. Attention may be 
features of the structu 
directed questions asked 
stration. The manipulati 
work has great value if i 
workmanlike manner for i 
respect for what is undoubte 
effective appliance. Tne 
management and repairs 
place here and such | 
school work. Particularly 
showing the correct way 
replacing an outer cover. 
stage of removal and 
of replacement, the ' 
should be pressed ne 

e rim at a point 
5 the part which is to 


demonstration. should. 
long time, because 
boys think they know 
t tyres and they there- 
"to indulge in some 
self-expression at an 
, stage in the work or 
else need to meet some diffi- 
culties, A series of questions 
“requiring short written 
answers is a useful teaching 
»vice in circumstances such 
these, for it can help to 
centrate much everyday 
ence on to the work 
d. The following 


Ox, Tyres are used on all 
road vehicles. What is their 
Pees inta 

2. Besidi inflated tyres, 
t other kinds do you de 
the advantages of rubber 


" j^ b 
| there two steel Wires in an 


Application of the inflated 
as this type shows marked 
s The work already 
n its virtue lies in the 
The primary object 
AERE therefore 


the workin, 
€ Working of 
the valve and 


lace under sui 
cei T suit. 
to ind able 


THI 


“happens to the ait in 2 


weakness has the inflated - 


—By observing à. 
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tyre when its wheel 
The experimental 
demonstration 
lts obtainable 


obstruction. ' 
ts of the followmg 
but the resu 


strikes an 
requiremen 
are quite simple, 
are convincing. : 

The tyre on a bicycle wheel is 


its normal working pressure and then 
chalked liberally on the surface. By standing 
the chalked part on à board, the contact 
area which the tyre normally makes on à 
flat surface is marked. The chalky patch 
‘obtained in this way is small. The wheel is 
now dropped in a vertical plane from a 
height of a foot or eighteen inches on to the 
board. It is caught in the hand on the 
rebound. The chalk mark made this time, 
when compared with the first, shows a great 
increase in the surface of contact and 
suggests that the air in the tyre suffered 
compression during the impact. As the tyre 
regains its normal appearance almost imme- 
diately after the shock, it follows that the 
air within it is springy and quickly returns 
to its normal condition after distortion. By 
repeating the observations with lower in- 
vm pressures, dropping the wheel from 
he same height each time, the greater vield 

and decreased bounce of ft tyre may 
a soft tyre may be 


inflated to 


demonstrated, Fig. 22. 


The experiment sh 

: ows clearly what happens 
a n on the road. When the side of a 
oot-hole or a raised stone is struck, the air 


Fic. 22. 
TYRE Contact 


A. NORMAL 
B. Harp Ty. 


R: 
C, Sort Tyre fr MAXIM 


UM 
RE AT Maxi CoxpkEssios 
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within the 
depending 
immed 


tyre j 


Aamped by 
and rider, Tyre 
n to suit the load to be 
oughness of the surface 


versed, 

“us stage, the term elas. 

m and other substances 

ntarily and then, under 

regain their normal 

duced, Its significance 

by collecting together 

of elasticity used in 
i ber buffers on carpet 

c rollers on clothes 
writers, air in cushions, 
range of application of the 
widened by illustrating 

teel, Using a steel ball 

l from both wood and 

rved. To avoid fracture, 

for the experiment must 

‘lass block thick. The 

t be dropped from a great 
oden block the rebound 

but on glass it is great, 

ng due to the low elasticity: 
in the extremely hard and 
f the glass block, the steel 
mpression just like a tennis 
floor. It therefore rebounds 
regains its original shape. 
very hard substance its elas- 
only when it strikes a surface 
ng it. As a tyre, steel only 
torv when used on a hard 
very slight irregularities. Such 
used on the railway, and here 

| tyre holds a virtual monopoly. — 

nnection. with the elasticity of air, 
pop gun should certainly be 
[his interesting toy appears to 
yularity in recent years and may 
ly new to some children. 
and ram rod 
ce of glass 


potato 
lost pot 
fore be entire 
The gun consists of a barrel 
which may conveniently be a ple 


tube and m 
glass ; 
of the tube are bl 


Compressed air.—Ot 
compressed air and i 
mentioned with 
pneumatic hammers, 
delivery tubes, etc., are 
many of the books on 
are now available, a 
to extend the class 
the use of compress 
have a suitable contain 
be pumped and from ` 
to operate simple mod 
slightly modified, can 

At a point diametr 
valve hole in the rim 
second similar hole 
obtained from a disca 
the inner tube at the 
with the new hole 
cover and modified | 
the rim, the two valves 
prepared for them. j 
not a replica of the ori 
of a plug and screw ©: 
of rubber pressure 
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^ sufficient to fll a large jam jar several 
- times. yo 
2. By means of air from the tyre unit, à 
‘reciprocating compressed air engine may be 
operated. The rubber supply pipe 15 npa 
inary 


x directly to the steam inlet of an or 
x toy steam engine, OF, if more convenient, to 
a short length of metal tube screwed into the 
safety valve socket on the boiler. Using à 
_ small engine of reasonably good quality à 
run of many seconds duration follows the 

. opening of the air inlet clip. 

3. To illustrate the use of compressed air 
in cellulose surfacing, à simple spray is 
connected to the tyre pipe. An ordinary glass 
tube, drawn out to suitable diameters, is 
‘used in the construction of the spray itself, 
and water in a jar represents the cellulose, 
Fig. 26. 


. During i 
and air is supplied in the 
ugh the ordinary valve., 
, the rubber tubing is 
he apparatus which the 
ges, and the clip is. 
Ai enerne indicate 
cal applications of the 


e may te has been 

e 4y be measured i 

ee as Fe 26. Move or COMPRESSED AIR S 

à E. The air AIR Shay 

water in the usual 4. A long straight gl 

ordinary tyre holds ordinary pencil can ee in which an 

: on wi the P esl used in 
air from 


] the t 
A EN Peatus, can demonstrate t} 
i E )e 
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cycle 
yele pump and tyre 


The bi 
rking p 
E parts of the 


tube with one closed end 
pening is prepared in the 
A usual way, Fig. 8. The 
losed end of the tube are 
*-htting tube of oiled silk 
which is held in position by 
round it near the open end 


Fig. 27. 


The device thus 


B 


Fic 
TYRE VALVE 
; or Breyere TYRE VALVE 


27. 


represents a tyre valve very 
Blow with the mouth at the 
end of the model and air will pass 
s the silk or paper tube lifts slightly 
of the pressure an 
leaves the side opening clear. Suck 
and the pliable material drops 
ole and prevents the passage 


sately 


the influence 
re 
tube 


the side h 


as air moves into th 
periphery. 


CTI Char 


of air. As th 

e i CO; 
or eight inches d 
quarter of an in c 
movements of the m 


visible, 


of the model valve j 
this barrel by ae “of al 
The piston of the pump is ; 
clamped between a Ee ) 
of a piece of straight br 
as piston rod. The assembly c 
odd washers and a piece 


One washer should just h 
clearance between its 
barrel, whilst the other 
smaller. The leather shou 
shape and of a diameter 

that of the barrel. After w 
is inserted in the tube 
stroke of the pistor 
washer is seen to press 
tube wall, whilst the fi 
the side hole in the gla: 
to allow egress of air. On 


the membrane sinks ln 
valve exit and the leather 


to dynamo systems. 
ested that this scheme 1s 
t rather that something 
m the child’s point of view 
all, the sequence just 
m no great virtue—its 


‘etually, the oil lamp is neither 
indi i] nor more fascinating 


ning, a teacher will do well 
refully before starting the 
le the oil lamp. For the 
ess perhaps, discussions on 
ald include references to 
ra lamps, but it is wise to 
positions occupied by these 
To the modern boy, cycle 
: electricity, The teacher 
he fact and turn it to good use. 
namo lighting set.—From the 
| science teaching, it would be 
ine a more satisfactory basis 
tus for an elementary study 
rators, Although stripped of 
Il detail, the bicycle dynamo 
with real life, and is in 
htful little appliance. The 
nt given in the practical 
iting equipment of a bicycle 
tsi e the previous electrical 
! the boys. If this is the first 
electrical problems have 
e wo rk will have to be planned 
i ^e served by each 
ng made with the bulb, 
cables, On the 

' topic in the course 
lop ideas about con- 
ts, heating effects, 
boys will proceed 
the dynamo itself, 


- themselves, 


jn the support given by . 


ors, As its popularity . 
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= Th | dynamo.—A5 different makes S 
3 ae nave characteristics peculiar 
dynamo 5 remarks may not 


s, the following Y will 
be applicable u ) 

as a gen! 
E Mem current. 
permanent field magnets 
ring pick-up ar 
armature windings 1 earthe 
case through a 
shaft. The other en 
insulated metal ring fix 
second brush, mounted. 
holder, bears on the rin 


d to the dynamo 
s on the 
an 
ed on the shaft A 
in an 
g. The external 


circuits are wired across the two brushes. 
To ensure mechanical efficiency, cycle 


dynamos are equipped with ball bearings 

When dismantling a dynamo of the kind 
described, the magnet poles nuits be bridged 
by a suitable piece of iron when the armature 
is removed from its normal position. Other- 
wise, loss of magnetisation results. Whilst 
the dynamo is being exhibited in class, the 
attention of the boys should be drawn to the 
following :— 


I. The presence of a strong permanent 


magnet. 
au bhe shape of the magnet and 
the grouping of the poles round the 
armature. 


3, The armature, consisting of an iron 
co i i in wi 
T a which several coils of thin wire are 
4. The small clearance betw : 
E a etween the poles 
5. The ingenious arran 
gement of brushes 
E. Eo of which constant des 
e ends of th 7 
possible. ase 
6. The great pull whi 
wh 
es the Bote zm ich the magnet e 
Opposition which is fe 
is rotated by hand. 


Out of the exami 
Í xaminati 
two points arise, First the Su 


contact 
lving coils is 


Xerts 


, and the consequent 
lt when the armature 


requires illustration, 


Marnetic £412 PRA i i ci a 
ttraction a Fer the “TICE FOR SE 


and Present purpose 


à repulsion p, M 

ls ‘Your etwee agneti fy 

y und poles and ihe I quite e of this kind 
Se o . 


pieces are im 
T d portant, 
edles, the earth's maa 


natters make little OIM Waxed Sheet 


position ani supported in 


diately over the : 


MAGNETIC Map or HORSE SHOE MAGNET 


the subject under investi- feld is to be mapped. Fine Wf 
iy safely be omitted. Ihe are sprinkled thinly and evenly 
; to make clear is the intense surface of the paper. By drop 
ts between the poles of a filings from a small tin whose He 
best kind of illustration to with many fine holes, à good 
is the iron filing map. may be obtained. The sp! 


The 


nnection 


- 
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irene 


iment: —An electric ctu 


is generated in a coil which moves near 
magnet, Or in a stationary coil near which 
a magnet moves. In a simple form, 
statement summarises the results of part í f 
Faraday's classical research of 1831. By 


THE SE NI 
Faraday's exper 
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held a foot oF more 
P the lings have or 
P whilst falling. ^ gentle 
i 
\ 
ý 


above the sheet so that 
portunity to spread 


tap on the tracing 
t along the lines 
should not be 
will form near 


paper helps the iron to se 
of force, but this tapping 


gverdone or clumps of filings 


MAGNE 
ETIC Ma } 
P or U M 
AGNET 


the 
^ wn à cles 
£^ " ar map 1S been 
" A ae are fixed s TA 
sake ^ nsen flame quickly S A the 
Waxed oy ace, When the Sourc E 
y e o heat 
shat we sets and gri Dg e ementary fashion I 1e 
cir correct positions, T : | S 
. for the t | 
demonst i 
ration st 


t 
mon re moved, the 


the filings in 


10uld be d 


eve 
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ie n 


Cr 
re 


MAGNETIC MAP OF 


experiment 


Althoug 


$ ring 
bearing» 


nse 


rparts in the 


external cir 


refinements 


iachine, 


are represented by a 
h the dynamo has a 
and brush gear, these are 
and so have no 


experimental apparatus. 


cuit on t 


he bicycle is a 


G -INESD 
R 
lynamo itself. In the E. 


d 
h constitutes ynamo there 


In dos indispens- 
st z xperim 
must also be a iam bs e a 
- The j : Circuit needs 
a 


several coils 
s of wire whi 
which 
) 


U MAGNET WITH SOFT Tron PoLE PIECES 


Cy FOR i5 


filament a: 
Im H 
electricity, Bd shows 
|ui less 


indicator which will be 


out an analogy in steps such 


practical significance of 
experiment may be presented 


The actual demonstration js vi 
An ordinary bar magnet is pill 
coil and thereby gives rise 


‘an internal diameter to 
met. The coil should be 

long and. should have 
ch t the turns 


and also hold the 


— 
Ti 
DIU 


GEMENT OF Col 
IERTARE 
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- The galvanoscope consists of à fixed p 
and a freely suspen ; magnet- 


ded magnet. By mà 
ising a gramophone needle in a solenoid, an 
et for the 


lent magn instrument 15 
enam m mounted in à small paper 
stirrup and suspended by an unspun silk 
thread from a brass screw fixed in the wooden 
case of the galvanoscope. The fixed coil, 
through which the current passes, is wound 
on a cardboard former. The central hole of 


this former should have an internal diameter 


slightly greater than the length of the 
magnetised needle so that the suspended 
system may swing without touching the coil 
unit. The end cheeks of the former should 
be about one and three quarter inches in 
diameter and not more than three quarters 
of an inch apart. The cardboard components 
are best fixed together by means of 
Chatterton's compound, a well-known in- 
sulating fixative obtainable through all 
scientific instrument dealers. The completed 
bobbin is filled with copper wire of about 
26 S.W.G., and the ends of the winding are 
brought out to terminals on the instrument 
case. In assembling the complete apparatus 
p must be taken to see that the silk 
Ro aal clear of the coil bobbin and 

e needle is free to turn within the 


A B 
NSTRUCTIONAL DETAILS OF THE 
UG ALVANOSCOPE 
Front View 
Sipe View 


30. For purposes of demon- 
ralvanoscope may be. used as 
trument. A tiny slip of silvered 
broken powder compact mirror 
Chatterton’s compound to the 
ystem. Mirror obtained from 
iggested is very thin and so its 
he magnet unit increases the 
the movement very little. A 
í light from a simple lamp box 
»y the suspended mirror on to an 
ile made of tracing paper. The 
page 235, shows the components 
ror instrument and the diagram 
Hustrates the optical arrangement 
pted. 
wh Faraday's experiment suggests 
ternating character of the current 
ted by a simple cycle dynamo, there 
, reason for discussing this point fully 
a class at this stage. A much ge 
priate place for dealing with A.C. an 
1 connection with the mains 
electric power. Such. instru- 
make the difference. 
s of current have 
whilst so far 25 


is in 


olv of 
nts as transformers 


its 


en the two type 


setical significance, 


magnet. 


electric ligh 
equivalent, 
_ Constructional 
ciple is adopted 
satisfactory ‘elves 
machines of 
and electrically 
to build and mo 
Taw material, Mai 

the necessary ay, 
exciting machin 


educational po 
projects. No oj 
limited range of 
imposed by the 
principle, as all c 
In the following 
dynamo for sch 
are described 
siderably from 
both belong to 1 
in each case 


Simple | 
manent U fiel 
armature are use 
required for its co 


Mirror 


AU 


ent size 


means of a cross piece 
A the “magnet poles 
ight beyond 


' block, 
MD, Tn 


the edge of 

On the end 
‘to the magnet 

e armature shaft 

‘held in position by 

| are fixed so that 

is on a level with the pole 
mJ : Y 


~ 


* 


-- | 
; bent at right angles, 
"B. This is screwed 
ig! drilled for the 
point on a level with 
he other bearing strip, 
p 
Sore, a rectangular 
wach: will bridge the 
el. Tf a supply of 


hole in this iron core, 
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omestic fire and then 
slowly as the ashes 

during the night. 
block to the required 
for the shaft 
t. In order to 
angles to the 


surface, th d tage 
h drill. is stage, s ! 
a "b rotate may be assembled in their 


bearings in order to make sure that m 
drilling has been carried out properly. H 
everything is correct, the iron block is 
cleaned and then filed smooth, particularly 
at the ends where it is to approach the 
magnet poles. On each side of the shaft 
a strip of empire 
cloth or similar insulating material is 
wrapped. Two equal windings of 30 or 32 
S.W.G. copper wire are then put on. Wire 
with enamel and a single cotton covering 
is best for the purpose, but D.C.C. will serve. 
As much wire as possible should be put on, 
care being taken during the winding to 
ensure that mechanical balance is preserved. 
The shaft fixing hole must not be masked, 
and the wire must be kept where it cannot 
foul the magnet poles when the finished 


machine is operated. 


The iron core, with its windings, can be 
fixed in position on the shaft by means of 
solder, but boys find this a difficult job. A 
p RE scheme is to fit a grub 
screw in the armature core at right angle 
to the shaft. A small flat filed n "o ean 
at the correct point helps the screw o 
gain a firm hold. The slip ring is the next 
ca z poo A very good specimen 
_made by plugging a short leng 
brass tube with ebonite rod an Qum : 
E a firm driving fit on pc ius 
a r 5 p is a cotton reel whose curved 
ae 3: Covered with Copper foil. If the 
e reel is too big f. S b. 
8 for the shaft, tin 
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Fic. 33. SIMPLE SCHOOL-MADE MAGNETO DYNAM 
A. PLAN B. SIDE VIEW 


ereby short-circuiting the slip ring. brush and one 
the slip ring has been mounted firmly, of rotation is needed 
od of the winding.is soldered to it, and this may be 
ther end is connected to the shaft. on the dynamo shaft - 
sections of the winding are con- driving wheel. f 

Magneto dynamo. 
ive dynamo than the oi 
be made from an old n 
discarded car or mot 
the magneto to be u 
demagnetised, its 
little. Burned-out. 
are no detriment. 


The two 
is. so there are only two free ends.) 


Ihe completed armature is then put in its 
bearings and set so that the iron armature 

» clears the magnet poles as it rotates. 
\ collar, fitted on the shaft at its free end, 
prevents the pull of the magnet from dis- 
setting of the armature. A 
firmly on the slip 
ed across this 


turbing the 
ush of strip brass bears 
4 flashlamp bulb is wir 


5 2 Sc - E DYNAMO 
SDIPLE ScHOOL-MADE D 
MacNrro REBUILT AS DYNAMO 


COMPONENTS OF 


work. The distributor, if one is fitted, and 
the contact breaker are discarded, but the 
carbon brushes are carefully preserved. The 
wire on the armature is cut away with old 
sissors, after the brass end plates of the 
vore have been removed. All the time that 
the armature is out of its tunnel a piece of 
trom should be in position across the magnet 

poles 
When the initial stages of the project are 
completed, the apparatus will be seen to 
comiat of a U magnet fitted with pole pieces 
and mounted in a framework, and an H 
section armature core with slip ring and 
bearings. These parts are transformed into 
4 dynamo by rewinding the armature and 
teamembling the rotating mechanism in the 
tunnel. The core js filled with 24 or 26 
SWG. DCC. wire, wrapped on in even 
layers, During the winding process, varnish 
male by dissolving shellac in methylated 
its is applied to the layers of wire to 
make them damp-proof A few inches of 
wire are left. free at each end of the coil 
The end pieces and slip ring | es 
P ring are now bolted 


On. left) 
i (On right) 


into their original positions on the 


of the iron core, but the condenser wl 


featured in the magneto is omitted 

of the free ends of the winding is sold 
to the slip ring. In the magneto, a sin 
connection was made, and the same sold 


point should be used in the modified ins 


ment. There must be no solder in tl 
of the carbon brush on the ring. The 
connection from the armature wind 
made by soldering the remaining 
the brass end piece of the core. The « 
armature is then slipped into its 
position in the “magnet tunnel 
bearing plates are replaced. The fu 
brushes are inserted in their 
bolted down so that they bear on th 
Ting and brass end piece respectivel: 
to the shaft end is screwed a simple 
handle made from thick wire or 
from bolts and Strip iron. Across t] 
1s wired a flashlamp bulb. As the 
turned, the lamp lights quite 
although it "defin; 

B s definite fli 


hows a 
rotation, 


holders 


built 


bril 
ker 


Detail 


to the low Speed of 
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onst i 
“struction are show 


$4), and thee, n in the diagram (Fig. 


J me ‘ified in the manner described 
l in the photograph, page 239. 
Batteries —In dealin 

of the three, the | 
obviously a battery 
are over. Most b 
the internal structy 
few have ever com] 
specimen with a new 
nature revolts at the 
a cell which still gives 
actuated by a spirit of 
A the sacrifice should be m 
out why a battery fails, 
and one reasonably new 
and examined. Use cau 
disappear almost | 


Bra 3 
Brass end pieces 


ore 


to deteriorate. 

An attempt shou 
cell. To do this, 
useless are disc ni 
substitutes, The use 
solution instead of p 
plate instead of the 
satisfactory. Wet 
jars and incorpora 
and some sac units i 
B capable of lighting : 

three should be join 


Ink MAGNETO DYNAMO 

y ARMATURE ASSEMBLY AND WIRING 
»w. SHOWING MAGNET, Pore PIECES 
AND ARMATURE 


M4 


yy eyele lamps —The subject matter 
section may be classified in three 
according to ‘the portion of the device 
w hich it is concerned. Investigations are 
lw made on batteries, bulbs, and controls. 
Presented in the way which is most likely to 
to boys, these three groups of de 
arise out of the following practica. 


T | 


appeal 
gations à 

not give 
batteries discarded a D 
ed? How can they sacs does not show 


problems 


> gre cycle 
+. Why are cyc 


nstead of being recharg 


be recharged? 


dry batteries 
practicable. 
he cells of the recon- 
eres, jam sample jars are 
ne for the negative elements 
ased in sheets of thickness 
G., which may be cut to the 
‘means of a hacksaw. 
‘work and inventions should 
trated whilst on the 
order to show primary 
forms. The applications 
ryday life should be 
nd bichromate cells may 
‘little of the theory 
empted in the senior 
can be done in this 
Aes the comparable 
rious types, and to 
1 of the depolariser as 
hich keeps the positive 
ydrogen bubbles. The 
out very conveniently 
own below :—- 


ould be said about 
these are very 
ose now in 
show the 


* 


iefore leaving the subject - 


ir origin 
nt t 


the 
hrough the 


condition hme 
apparatus. No rep terial 15 
therefore necessary- 
By The constituents of an 
Jator are:— 
(a) Plates of a composition which i 
lead. : 
(b) Electrolyte consis 
solution. 


A piece of apparatus which demonstrates 
the essential action of the accumulator can 
easily be constructed. Three strips of lead 
are fitted into two small jars, one strip 
forming a bridge across the jars, Fig. 36. 
The cells are wired in accordance with the 

- diagram (Fig. 368), and are then filled with 
ordinary accumulator acid. The two position 
switch is first put over on the charging 
contact so that a current from the external 
six volt accumulator passes through the 

two cells and charges them. When the 

‘switch is moved over to the alternative 

position, the bulb glows as the little accumu- 

lators discharge through it. 
„Cycle lamp bulbs.—In recent years, many 
different kinds of bulbs have been introduced 
E uua opacis ‘ut 
B A us Fo characteristics of 
necessary t n E c and it is 
y to know something of the common 


ordinary accumu- 
ncludes 


ting of sulphuric acid 


Negative plate Electrolyte Depolariser 
Zinc i : 
om Black powder 
Stk e (Manganese 
jd dioxide) 
; E num Black powder 
E solution ao 
rmi 
c Sulphuric Potassi 
acid solution bonae 
ate 


Solution 


and a table of 
Prepared as a stars 
zation: ae 


ae 
__ Kind of lamp 
lamp bulb 


Two cell cycle 
lamp bulb 


Motor car tail 
lamp bulb 


If a sufficient number ¢ 
used in preparing the tal 
to deduce certain points 
listed; e.g., voltage seems | 
to do with the number of 
watts show a close ci 
brightness of the lamp. 
is no need to worry 
as many of these can be 
the technical terms 
understood. 

It is now opportu 
Switch electrical unit separately 
is made with the voll. 
criticism on technical 
of pressure and voltage 
and its use in the s 


3 ACCUMULATOR APPARATUS 
ÄRRANGEMENT OF LEAD STRIPS 
B. CIRCUIT 
ul units if these characteristics are 
to be understood. Material for study should 
collected by examining the 
markings on as many examples of low 
olt ute bulbs as can be obtained. The names 
and watts may be introduced 
e without explanation 


herefore be 


um peres 


ed at this stag 


« of the mains supply? 
electricity meter at 


supplied by a bicycle 


lage of a car battery? 
» voltage of the overhead 
is marked on poles near 


ood subject for indivi- 
er the guidance of an 


of amperes in. everyday 
be developed. By means 
urrent flowing through 
‘s is measured and tabulated 
e and current are quite. 
other, The effect of 
| the voltage applied to a given 
demons: in order to show 
ery real link between voltage 

\ four volt flashlamp bulb is 
an ammeter of range 
lect of one accumu- 
th the effect of two, 
ularly important to Fis. 37. EFFECT or INCREASING THE VOLTAGE 

voltage nor the APPLIED TO A CIRCUIT 


when circuits from the mains are wire 
unshielded conne 
aken by an ordinary is HM EE (md keeping the pupils away 
ng mains is com- arei i i 

"s fas : re in action, With the two lamps su; 
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it when making a m 
mains supply of 
The excursion into : 
measurements is c 
the set of cycle 
the starting point, In. 
gained from the 
cussions, the markings ; 
useful guides to the 
marking enables him 1 


S © 
PARING THE CURRENTS TAKEN ü 
“TAGE AND A Low VOLTAGE 
BULB 


nd sidelamp motor car bulbs. 
ves are measured directly across 
contacts and are found to be 


tical (Fig. 39), although the intensity Kag 
í the light proves them to be of different CE 
Pte such as those 


' After secing experiments SU 
intelligent boys realise that both 


described, t j 
voltage and current play their parts in © 
letermining power. The meaning of d 

) , explained. The wattage oi an Fic. 39. VorAGE M 
adios A. SIDELAMP 


may n 
applianc 


e is found by multiplying the voltage 
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if o S.N.G. 
icker eee contact 
ance wife, 
» short 


ie ee h slides 
ya : ch s f 
amer d Paden change 1$ 


. but su £ 
ed circuiting the resistance, 


Resistance wire 2 


On E. 
) 


d 


fo auxiliary resistance into 
ans of a two position switch, 
: NT. bulbs 


Resistance were 
UD se ia 


Switch 
Lamp 
9 
- z F 
O e 
Resistance wire 
A 
\ 
" \ 
lcd 
|| 
l some popularity | 
which connects two 
parallel across. 
of light control 
entally in the — — $ 
G 
Hig. 1T. AL CIR 
2 : iA. Simme CoxrRoL 
- CIRCUIT Fo: 
€. CIRCUIT lectern T 


ORATIN ~ 
STAT CONTROL ING RREO- 


control, which 
simple principles, is 
In this apparatus, a 
tance wire is switched in or 
tit by means of a multi- 


sistance 


two 


switch which varies the 
lamp gradually, Fig. 


in 


consisting of three 
d a strip of brass taken from an 
_ is able to control two circuits, 
424. A two way tumbler switch 
used instead of the screw and strip 


A switch, 


if desired, Fig. 42B- 
Other interesting lamp cir 


diagram, Fig. 43- 
bulbs and give a dimming 


T 
cuits are shown 
These use two 


effect by 


Srup SWITCH RHEOSTAT 


putting them in series ins 
In the first arrangement (Fig 
two way and one single 
are used. The four settings 
give both lamps on full, 
dimly, first lamp on and 
lamp off and second on. The. 
ment (Fig. 435), uses a doub 
switch with four positions, ant 
lamps on full, both dim, 
off, both off. 

Oil and gas cycle lamps— 
material connected with the 
these appliances in school is 
conventional, and much of 
connections. For example, 
and capillarity play an 1 
biological spheres and W 
wise to deal with these from 
view. Unless the course 


ay ; A 
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"e ration ane 

B yde Jamp e cls Volatility. 
vi [er 


, - tylen tension. 
p ‘Capillarity and surface 
Busen Mes: 


FIG. 43. A. SERIES PARALLEL Circurr, USING 
TUMBLER SWITCHES 

eh B. SERIES PARALLEL CIRCUIT, USING 

= DOUBLE ENDED Rotary Srup Swircu 
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TOPIC III-THE evn aa 


By selecting The Eye as a A 

| = ae an opportunity to the me i 

» Mors 3S presented, and as his optical E. 
of figure at all in the two mind from MU 
, its inclusion widens the case ES opi 
" ^i examples, The choice sub-divisions we 
Í pee by the present-day this task from 2 d 
rds bi logical teaching. The view, four fairl bd 
"damentally a biological subject di ie 
treatment which is mainly E 
it forms a bridge between d A de S 
of science. ; 3 ec 
3. How the ed does i 


the eye determines very Í 
ect matter which the topic 4 How certain appl 


embrace, but the details Other headings can Wd 

are left entirely to the and even within the ge 
Now the traditional infinite variations are 
ng elementary optics will may be biased by 
nor school. The pins and neglecting another, A cl 
optical bench measure- ment of the four wi 
determinations and the matter as a unit whose 
optics has been wedded for so organ, the eye. A specialise 
merely practical dodges for the second heading ma 
thematics. To the adolescent radiation generally. - 
ally wrong impression of the which follows has been 
things. Instead of a lens many branches of o 
rument which opens up new used in the senior 
est and delight to the human are grouped in acci 
ten appears to boys who have sub-topics listed above à 
on traditional optics to be a suggest the kind of m 
r trick with v, « and f. It each of them. . 
( that there is anything 
th mathematical physics. On the 
this branch of knowledge 
teacher should have the 
test respect, but his regard for it must 
cloud his judgment. After all, the 
in the senior schools are very young, 


piis ir l 
inexperienced and, in many cases, of 


What the eye will do.— 
a topic like thé eye, it is 
outset to review bri 
implicit knowledge. Evel 
the eye can do, and yet 
confident statement on 
moment's notice. 
study the eye shoul 


for 


science 


very 


Ms ntz wer. Such children A 2 
— — e de the cold beauty pna e 3 
p sit m precision of applied n nether c ut Wo sh 
a = if their doses of this strong foo ms EM points: i 
ros ted or given with pedagogical jam! : 4 


2 d potion «f an 


from the observer 


oU isan interesting and 
1s much of the pleasure 


»ecial consideration to 
‘nook. The second and third items men- 
ov Eus not offer much scope for 

‘and so they are not given 


le study of colour makes 
of optical work, as 
of the characteristics of 
d, and the knowledge thus 
pplic tion later. 

which the eye recognises does 
nly on the object which is 
|, but also on the light which 
Children think that colour is 
roperty of an object like its 
and this impression 
ed. Coloured pictures 
coloured rays of 
' lantern. (Gelatine filters 
ire the most convenient 
btaining different colours.) 


h tin a bunsen flame is worth 
i Rp. Using such an illuminant, 
take on queer sickly hues, 
Ae thoroughly 
of red, blue, yellow, etc, 
à üt colour of objects, they are 
ise that à red object looks red 
ht falls upon it, but that other 
Same stances lose their 
certain extent, 

dies lig 


js no red lig 
- 3 red appearance cannot 


nked with it, there is . 


of yellow light from a - 


acquainted | 
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: B then 

f incident beam, t 
tin the is expected. F rom 
ally the question: 


r : 
this there follows very natu y olours visible 


Why can there be. so meer Pra objochí 
when the light falling upo sour? Ought 
is sunlight of no apparent Sits ie a B 
not everything to appear ^ Wion of which 
Here is a problem the solution 

in spectrum. - 

ee o worth while to eae 
white light into a series of colours, but the 
Newton’s disc method of building BUD 5 
not very convincing. A perfectly satisfac i y 
spectrum can be produced by means of the 
lantern, A piece of card, the size of à 
lantern slide, has a slit cut in it. It is then 
put in position in the lantern and an image 
of the slit is focused on a screen, An ordinary 
glass dispersing prism is set in front of the 
lantern objective lens and the apparatus 
is readjusted so that the image is again on 
the screen. By interposing coloured filters 
in the path of the beam, portions of the 
spectrum may be absorbed. 

To show the production of new colours 
by mixing, the shadow experiment is 
convenient. Three flashlamp or motor side- 
lamp bulbs are contained in a simple box. 
The bulbs are a few inches apart and each 
is opposite a window in the box front 
These windows are covered with red, blue 


and green gelatine. A short distance away 


from the box is a screen on to which the 
shadows of a pencil or some similar object 
may be cast, Fig. 44. The lamps are 
controlled individually and the box contains 
partitions which isolate the three sources 


of light. Each lamp, if o 
5 ted alone 
produces a general 3 perated alone, 


turned on, the 
Or less white, 
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_ OF COLOURED SHADOW 
APPARATUS 

^periments can be verified and 
further investigations. An 
three projectors is useful 
\ patch of coloured light 
mn is projected on to a white 
two smaller patches from 
oxes are superimposed upon 
re coloured red and green 
Ihe blue filter is fitted in the 
powerful lamp is available 
t. A combination of two or 
discs may be built up by 
ting the rays from the three 
Different combinations may be 
imply changing the coloured 
To get the best secondary colours 
y be necessary to vary the intensity 
ination of one of the lamps. In the 
| the colour provided by the lantern, 
hange may be made by moving the 
backwards or forwards. In the case 
sliding the lamp nearer to 
se the diameter of the 
screen and so diminish 
The diameter of the disc 
lantern may be reduced to 
others by a card with 
which fits in the slide carrier. 
ectors, when fitted with red, 
Iters, can give satisfactory 


similar to the 


-discs of coloured 


with three windows. 
condenser of the 
symmetrically disp 
equilateral triangl 
pieces of red, 

Opposite the filte 
plate, are three c 


adjusting the plate 
discs may be made t 
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Ihe intensity of a 
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| by partial 


from the common 


Apart 
reference has 


phenomena of colour to which i 
already been made, the experiments on 
colour have other interesting 
applications should certainly be 
recognised in school. The shop window, the 
stage, and the cinema all utilise systems of 
lighting which are based on the scientific 
Mea arising colour investigations. 
The three pieces of apparatus now to be 
described serve to show how the practical 
subject of lighting effects may be represented 

in school 
The first model is a stage with lighting in 
three colours, It is contained in an old box 
which stands on end, the stage itself being 
a shelf which rests on supports about one 
third of the way up the box sides. This 
sell extends only about three-quarters of 
the depth of the box, so that light from a 
set of lamps in the lowest section may be 
projected upwards behind it. Another set 
of lamps is housed near the front in the 
EE e rs 
ow, the lamps operate 


synthesis 
which 


from 


Mewes Stace 


With Frost Rew 
Tor Sur or Licnts 
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rom the mains and each grou} 


tains three bulbs. A more effective min 
edly be att 
ol the colours would undoubtedly be à 


if a larger number of less powet 


were used, and the design offers 
development in this direction. 

is boxed in a separate compartment 
a tinted window, opening on 


directly f 


scope 
Each | 
wh 
has S 
stage, 
switch on the case front. 
blue filters are used in both top aní 
lights. For convenience, the model | 
trated has been ftted with a detacl 
front and sliding stage SO that the wl 
of the interior is easily accessible 
paper lining in the box reflects stray 
on to the stage. For the sake of a rea 
appearance, stage fixtures made from w« 
blocks and broom handles have been grou 
at each side and these reflect the ligh 
give many pleasing gradations of col 
All the parts which are normally v isibk 
painted in black, white or grey so that 
colours are mot disturbed 
absorption. The distances 
sources of light cause uneven distributior 
the three colours over the surface of 
stage, and so good mixing is not attair 
Nevertheless, a. great variety of effects 1 
be obtained by choosing different 
binations from the six switches 
directing the construction of a model 
as this, it is important to EP 
need for adequate ventilation of the ; 
houses and effective insulatio of 
electrical fittings. Oey 
Ee control for lamps 
E pee 
the senior school 


Red, green 
1 bott 


separatin 


e in the model stage have the Sp 
e turned on and off abruptly A: 


im apparatus which may sup; 
E Stage model shows small le li 
4 ects controlled by rheostat A 

= may take is illustrated ‘Dae 

upper portion of an old wir ES on 
is fitted with a white in 
Which is curved to cat d 
multi-partitioned lamp à i 


less set 
ardboard 
the light 


DOX fixed 
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case. Three knobs on the 

ntrol small rheostats which 

resistances themselves. are 

rded wireless receiving sets. 

yntains six flashlamp bulbs 

lers, and these are wired in 

pair being controlled by a 

void overheating the resistance 

lamps in each group are in 

bulb therefore gets a maximum 

its from the six volt transformer 

rks the whole model, Fig. 47. 

lamp box fits a double glass panel 

: six gelatine filters, two of each 

No two similar colours are 

the completely assembled 

nce of the lamp box is 

front board which has 

he photograph. The 

v of the three colours on the curved 

be controlled with great 

ans of the rheostats, and as 

1 by two sources of light, 
: ble. 
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ry colour. 
nt. In 
paratus, the prese 
ked by a sloping 


heen omitted from t 
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recision by mec 
colour is sharec ) 
od distribution is obtaina 


fector 


RHEOSTAT CONTROLLED 
APP. 


The two models just 
elaborated by adding extra 
positions. Side lighting à 
the stage, for instance, 
impressive addition 
circumstances permit 
extension of the work 
These may include t 
spot lights for the sch 
for the projector or 
system in colours | 
with dramatic work. 


. Circuit DIAG) 
Fic. 47  RHROST 


ARE nd n 
n order to meet these soquirmen t, e 
i moun 

equipe eboards to which no permanent 
ons from the mains are made. The 
wiring is carried out in 3/02 
is enclosed in long ho 
which indivi 
screwed. These cases are the ful 
the stage and suppl 
the top and bottom of the proscenium ' 
others at the sides. The lamps, with their 
large baking tin reflectors, are mounted on 
bases in groups of four, and on each set 
there fits a gelatine frame with four openings. 
The frames have iron wire supports across 
the openings to protect the filters. These 
filters are loose fits in the frames so that 
they may be changed or replaced easily. 
The lamps are controlled from a switch 
panel into which the flexible leads from the 
main distributing cases are plugged. The 
connection to the mains is made by means 
of a heavy three core flex from the switch 
panel to a wall socket of high rating. 
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What the eye fails to do.—The limitations 
- of the eye always interest boys, and as they 
extend the previous sub-topic and also 
; um n introduce several points of great 
: S dan al import 7 
s schoo! E taR to subject E uy E ae ipis 
! dou the plans, and referred to in thi m 
is of ove particular project can à the following paragraphs:— 
T purpose, There - are, I. The blind spot demonstration is w 
vever an ber of points of general known. Two marks are made a e e 
pout gees eed which is attention 
itt hand si 
pde Eon The following e hand side. The other eye is clos 
Ros guided e design:— varying the position of the ze. By 
tus had to be chea is found at which the second MIS 
safe, both pena : 2. Really clear vision i mark disappears, 
1 out of. S possible only over 


a school-made stage 
] included, page 254. 
- of this description 


ad not to involve ci 

^ j á os ee J 
BU could ot. and. When boys have realised 
ration of the appara - that the. Ives, they appreciate the Ar 
: ‘Pparatus hac eye is co j:Precate the fact 
20) i ad nstantly adjusting itself 


me. children have 
8 their eyes and may 
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carrying out the 
trol may spoil the 
as the eye may 
m one mark to the 
pression that both are 


ı minimum distance of 
seen by actual trial. 
appears 


Dx 
to the eyes 
t none the less important 
is its range of movement. 
the head or by using an 
nt is it possible to see to 
back 
e eve is not efficient at judging 
With a sweeping movement of the 
one eye only, it is difficult 
matchbox which is stood 
The solidity of objects, 
in the 


when viewed 
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ordinary way with two eyes, may 
emphasised by demonstrating thest 
6. The eye gives false impressions a 
owing to fatigue. If the attention be 
for a minute on a bright green or 
design and then transferred to & 
ceiling, the design is seen there, in a colou 
complementary to the original. 
7. The presence of à disturbing ele 
in the neighbourhood of an object whia 
being viewed, may give rise to a M 
impression. Judgment of size, shape, @ 
and direction are all liable to suffer whaa 
the environment is unfavourable, 88 
examples of these optical illusions have be 
published, and the group given 5 
sentative, Fig. 49- . 
8. An impression 1 
short time after the ex 
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cinematograph 


persistence of vision, 
Mri 
chanism of the cinematograph 


stem of the machine is identical 
e lantern and it is best dealt 
‘ton with the latter instrument, 
! parts, however, are designed 
al use of the phenomenon 
^nce of vision and the two 
be studied together. Using 
which this chapter is based, 
menon is studied and the 
tion follows as a sequence, 
forms of organisation the 
may well serve as intro- 
persistence of vision then 
in as explanation, 
teaching material will be 
ı the particular starting point 
opted will affect the order in 
riments are presented. 
pression in the eye tends to 
wn by a number of observa- 
bodies, A spark on the 
which is being whirled round 
sion of a circle of light. 
ns drawn on a spinning top 
ete, Eccentric circles, spirals, 
tating gramophone turntable 
e very strange gyrations. Stiff, 
i inning rapidly round a centre 
metrical solid objects, Fig. 50. 
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In both 


reached when the s 
seen rotating rapi 
to the shaft. A 


until a point is rea 
stationary. Still hig 
shadow to rotate 


shaft. Finally, the 
blur. If, instead of 
by means of a filament 
used, then the des 
considerably. 
By using a light w 
shown directly tha 
rapid ee c 
convenient way of CO 
to project a parallel 
lamp box through a 
a white screen. The ust 
can be used, page 235) 
card on the motor 
previous experiment 
a mechanical shutter. 
by a switch or rh 
Fig. 52. When the 
speed, the eye can 
being illuminat 
speed increases, ihe 
flicker and then to 5 
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“A natural extension of the thaumatrope 
3 principle Jeads to the flicker, è device which 
shows a series of pictures in ra ession. 
= The pictures should represen t 
some simple movement, the difference 
between two consecutive Ones being very 
small. The drawings are made in the top 
right hand corners of the margins of an 
old soft-backed magazine. Tt is important 
to ensure that all the units in the series 
imilar positions in the 


occupy exactly S 
margins. inhole through the whole 


»P F magazine helps by acting as guide. 
2 simple subject, such as the rotating of à 
1 spoked wheel, should be chosen for this 

experiment as the drawings necessitated by 


more complex ones require a great deal of 


y 


or FLICKERING: 
TUS 


ofli the screen appears — 
te The experiment is, 


the action of the 


ce, Thi Em 
iaces obvious 
: jection of films which. 
; qid pictures, A 
siia two parts, oneon ! 
. This is then i 
l 
1 


èr and rotated rapidly. - 
parts are super- 
1 the retina due 
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these two are 


i THE FLICKER 


UTIVE DRAWINGS 
| WORK THE FLICKER 


r execution and are very easily 
ittle carelessness. By allowing 
the magazine to slip past the 
rapid succession, images of 

pictures are superimposed 
other on the retina and 
mpression of steady movement, 


ist two pieces of apparatus to be 
| in this section are simple moving 
machines. Both devices are based 
same principle as the cinematograph 
thew differ in mechanical detail. In the 
t, a series of pictures mounted in a drum 
ced, whilst the second incorporates a 
Unlike the cinematograph, 
direct vision machines. 
The chief part of the drum instrument is 
cardboard cylinder fitted 
Round the inside wall 
d a series of pictures 


ure disc. 


open ended 
na wooden base. 
( the cylinder is paste: 


Fic. 55. THE 
A. ARRANGEMENT OF 


position by pins wl 
penetrate the base 
drum is mounted on 
gramophone, the 
projects through a h 
The pictures in the cy 
remote from the observer 4 
the slots in the cylinder 
rotates, Fig. 55. A 
ment is illustrated, 
The disc type of ap 
struct than the drum. 
The appliance can be 
single or a double 
With a single disc, & 
has to be used, but with 
ment, the pictures may 
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‘side of the disc which is blank and sees the 
pictures by reflection from a stationary plane 
mirror fixe nvenient distance, Fig. 


d at a co 
578: Jf, on the other hand, the pictures 
have a disc 


to themselves, then they are 
viewed directly, Fig. 576- 

The disc or discs are mounted on à shaft 
heet of pictures is and this is supported in suitable bearings 50 
4 disc itself or to a that the discs are in a vertical plane. The 
slotted disc is used side of the plywood nearest to the observer 
drawings, then the is blackened to prevent the reflection of stray 
i ees from the light. The disc shaft is turned either by hand 


WINGS TO te Su, 
i R THE Sr 
i HE poros Disc Movixg 
P ING 
5 IN THE PORTFOLIO ) 


3 


PICT 
URE APPARATUS 


€i 
ke 
IH 
y 
‘ Tux Disc APPARATUS 
=: ro Di 
T oy SiNcLE Disc MODEL 
TL ¢ or DOUBLE Disc MODEL 
«chanical means and the moving 
bserved through the slots. 
Wow tbe eye does its work.—This sub-topic 
tes iy of eye structure and is 


5 stu 4 : 
nstration in which à bullock's 


Although it is easy to show 


Vision wh 
1S not evident front 
Parts become displaced nd 
necessary therefore toa 


misunderstandin 
series of drawi 


really a crude camera, b 
reason for introducing it 
Its immediate purpose 
happens in the eye, 
determined solely by tha 
the model eye is really 
which may safely be left 
as they use it. The ap 
modification of the eye 
recognisably similar to 
yet arranged in such a wa 
action may be watched. — 

The essential features. of an 
model can be determini tud 
diagrams already given. 
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teow DIFFERENT Points oF View 
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e NoRMAL VIEW, WITH 
Portion DOTTED 


HIDDEN 


ipesents the eyeball and a hole at one 
id wrves as pupil. A slip of plain glass 
icis as cornea, and a set 

4 um which holes of different 
ums have been cut gives the effect of an 
4 short focus convex lens 
il daw takes the place of the crystalline 
and a sheet of tracing paper fixed at 
k ol the box does duty for the retina, 

4 hole in the tracing paper indicates 
h the optic nerve leaves the / 
image on the paper 1S 
when the instrument 
for the blind spot 


the hole 


cards in 
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working a reason e : 
4 mon, page 253. is not difficult to find. 
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the brightness of t 
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of objects at different d 
The remainder of thi 
Rea material 
useful when dealing with t] 
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effective apparatus h 
the first using an in 


For demonstration 
is used. Light fro 
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through the lenses 
are being observed. 
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tin canister so that 
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^ good appearance to 
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ooL 
thout additional 
board which 15 


ined at a S ior it 

izontal so that the whole oi 1 
Ud m effective. The optical appliance, the 
action of which is being studied, is placed 
in the track of the rays at an appropriate 
point on the board. In cases where it i5 
desirable to use à parallel beam, the rays 
from the slits are diverted by means of a 
cylindrical convex lens before they pass 
through the appliance under examination, 
Fig. 61. 

The only real objection to this apparatus 
arises from the difficulty which a class 
experiences when trying to view the hori- 
zontal board. If the demonstration bench 
be a low one, this may not be serious, às 
‘a small class can stand round and see fairly 
wel. With larger numbers it may be 

. necessary to support the board in a vertical 
` plane and clip the loose components in 
position by spring strips. A more convenient 
method of improving the visibility requires 
a large plane mirror to be arranged over the 
ray board at an angle of forty-five degrees, 
so that the class may view the demonstrations 
through it, Fig. 62. 


The ray apparatus can be used for 


. demonstrating many different optical pheno- 
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| in the senior school and 
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trations of reflection and 

: the ray apparatus, ordinary 

iss blocks, prisms and plane 
stisfactory. If the path of the 

ı glass block is to be shown, 

c of the block must be enamelled, 
ushened. Rubbing with emery 
turpentine on a glass slab will 
useful result, The ray apparatus 
im to be the most impressive 
howing reflection and refraction 
i it is not specially recom- 
se. Asa demonstrant 
the appliance is 
deed doubtful 


na, anc 

for this purpo: 
; action, however, 
larly valuable. It is in ubt 
other form of apparatus of similar 
a range of service to the 
could equal, this in 
adaptability. In a 
apter, page 275, & 
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The smoke box is 
familiarising the boys : 
simplest form, the ap 
plain wooden box with 
In one end is a circu 
which a beam of light 
motor car headlam 
focus of a convex 
the smoke box window. 
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instrument is à 
its study extends 
suggested. 
the 
t in considering 


alp but a brief 


account of the wider subject, 


necessary to a 
igi ject. The science o : 
eer for senior school purposes, 
but the demonstration suggested may arouse 
an interest which will develop in later years 
when the maturing mind is better fitted to 
grasp the technicalities of the subject. 
From the optical point of view, the new 
feature introduced by the camera is the 
process of focusing. In the first study of 
the eye this was omitted for the sake of 
simplicity. In the ordinary box camera, a 
change of focus is effected by placing an 
auxiliary lens into the optical system. This 
portrait attachment, as the extra lens is 
usually called, strengthens the normal lens 
and makes it suitable for close range working. 
There is a clear analogy between this and 
the accommodating power of the eye which 
should be carefully worked out. Focusing 
by strengthening or weakening the lens is 


_ the method adopted by nature—the lens 


muscles vary the thickness of the crystalline 
lens to suit the circumstances, K 
Cameras fitted with extensible bellows use 
the Second method of focusing, and as this 
is the system adopted in most optical 
E ue its action should be thoroughly 
CONS to the boys. Each boy should use 
oth a real camera and a model so that he 


adjustment necessary 
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l black so that stray light cannot 

t and interfere with the clarity of the 

se. The range of usefulness of the device 

` increased by making the lens detach- 

that lenses of different focal lengths 
compared. 

iew finder of the popular hand camera 


th consideration, and a model of it is” 


nstructive. Three forms which this 
take are indicated, Fig. 67. In the 
focusing adjustment is possible, the 
ment being set so that all distant 
s are clearly seen on the screen. The 
pd has a sliding lens and the third an 


able screen. All three are similar in 


uction. 

optical system consisting of a short 
lens, a plane mirror and a tracing 
er screen is housed in a simple wooden 
of a size chosen to suit the lens. In the 
;n-adjustable model the case is a plain 
tangular one with a lens hole at the front, 
mirror supports set at the correct angle 
inside, and a small sheet of tracing paper on 
The distance from lens to screen via 
the mirror is a little more than the focal 
length of the lens. The best p Ey 
the components should be found ur E 
The second type of instrument is 2m ar E 
the first, but it d a ee meee : 

> be of tinplate e Iro 
€ n broad elastic b. uc iv 
in the sliding t E D its screen 
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mage-forming property of the convex 
jd be investigated thoroughly, as 
. the basis of so many of the more 


mon optical appliances. 
ent the boys require an electric lamp, à 
cet of white paper and a convex lens 

inted in a card screen. By selecting 
ppropriate positions for the three units, 
iiminished or enlarged images of the lamp 


REAL, INVERTED, DIMINISHED IMAGE (Ct 
REAL, INVERTED ENLARGED IMAGE 
VIRTUAL, Erect, ENLARGED IMAGE 


For the experi- _ 


p 


there is no need 
virtual images 


lis and. 


et lenses 
oriri th m hole on 


several flashlamp 
and th illuminate 
which. fastened to a 


osite to them. This 
stand which is free to 
se for focusing purposes, 
image produced by the 
t on an external screen. 

the instrument on 
ich is reversed. 

ting the rays 
i ce by means 


the lamps 


|, particularly 
trasts is used. 
d ink sketch makes 

sized practical 


b 
Bod 


Screen 


8 
FIG, 70. A. SIMPLE MODEL EPtscoprg 


B. EPIscoPE Projection, USING A 
REVERSING Mirror 


and modifications may be introduced if 
circumstances permit. Yet the actual work 
involved in its preparation is not difficult, 


and so boys can undertake the project with 
confidence. 


Gu heart of every episcope is its lens. 


sults obtainable are 
scheme recommended 


TEACHIN 


' use the lens of 


is unlikely that bot 
I] ix 


an optical lantern, As 
h lantern and episcope 


© m use at the same time in school, 
` Of the slip-in tubular variety will 


ve for both instruments without anybody 
ring great inconvenience. Such an 


turc 


of course, not without its 


of a lantern lens is not 


ne might desire for episcopic 


this 


optical efficiency more than 


shortcoming. 


produced by a good episcope 
ied by using a cheap mirror 
The best inexpensive way of 
cpiscopic image is to project 


reen. 


. The instrument under 


intended to be used in this 
oid loss of light by screen 


thin 


translucent material 


Tracing paper, stretched 
very large picture frame and 
makes an excellent screen. 
vailable in very large sheets 
need to have a joint. To 
isk of damaging the fragile 


frame 


| the ce 


should be suspended 
iling so that the screen 


it a safe height or lowered to 
working position without having 


ed by hand, Fig. 71. 
of the episcope is constructed 


lamp or 


Ertscor& Sc 


lamps which are to be 


EEN AND SUPPORTING 
REEN 


CORDS 


G IN PRACTICEQM 


first being nt 
have two or foi 
the second for 
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1 P THE Eriscope 
Í 
| 


vonstructed. with a view to modification at 
a tater date. The photograph shows an 
vpiscope which is fitted with a single pro- 
jector lamp, but which in its original form 
contained four ordinary lamps and had no 
projecting lamp house. 

The top and bottom of the episcope are 
9f half inch oak, cut to shape by means of a 
bow saw, The curved sides are of sheet 
Won, snipped from an old five gallon oil 
"rum. The extensions which house the 
lamps and reflectors are of oak and these 
we made to suit the size of the lamps 
available, A lantern lamp, complete with 
tray and silvered reflector, is mounted in 
the extension of the instrument illustrated, 
By adopting this artifice, a single lamp 
serves a double he episcope 


^ fitted up with a powerful lamp without 


HE SENIO 


R SCHOOL 


involving expense. Large ventilation hol 


are drilled in the top and bottom 
the main case and the extensio: 


simple light baffles of tinplate are screws 


on the inside over each hole, Fig 73 


Fig. 73. A. TINPLATE LicnT Barrie 


VENTILATORS 
B. DrAGnAM SHOWING BAFFLES ry ] 


FOR E; 
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ha ^] } 
that the tower holes m 


- " from the lens, à 


1 the 1 


frame and pict 


aol to the top of the ins 


ie lo ay be effective ventil- 
he in trument is fixed on legs which 
à tew inches above the bench. 

€ numerous ventilators, the 
ads to become Very hot when 
ıt is wise to add chimneys 
to the top set of holes. 

the holes which are imme- 
he lamps are particularly 
ese additions are unsightly 
tract from the appearance 
but the life of filament 

l considerably by over- 


tends 


of the episcope front is 
porting structure. The lens 
othly in a jacket which is 
means of brackets. For 
es, only a small range of 
is necessary and the 
quite sufficient, provided 

th of the instrument case 
to back has been wisely 
lens panel of the episcope 
support for thelamp control 


cement 


he lens, in the wooden back 
pe, a hole about five inches 

. The wood round thé hole 
black to form a mask for the 
ibited. The hole may be covered 
f glass clipped to the back of 
nent, so that a picture can be 
correct position for projection 
pressing it against the glass. 
» is not very satisfactory in 
wever, as the intense heat 
to the picture area tends to crack 
\ less convenient but more 

i is to have the 
d frame which 
ilst a picture 
The 
d in 


ible arrangement 
late fixed in a um 
ted to heat only wh 
sally being projected, Fig. 74- 
i ure can be 


5 by a hinged board w idend 


i the foi 
i n twice and once 
)bject is peri and fed’ 


i PORTI. 
hich is fastened anp PICTURE ai z^ 


cal distance from a convex 


a particular ict 
a considerable 
Operator needs 
during projection, 
Provided that 


ordinary filamen 
the results obt: 
impressive, as it i 
the light on the 

reflecting pieces behir 
of course, but 
comparable with - 
reflector fitted to a 
projector lamps wii 
250 watts, form the 
for the episcope, for : 
of cooling are not 
higher powered bull 


“Bic. 74. ARRANGEMENT | 


using the 
for g pet 
mind. The inside 
white 
and to 
| of heat. The 
serve as à good 
cooling periods, 
j are turned off and 
"T and picture square 
h arranged as frequently 
t when the instrument is being 
"Valuable illustrations should 
4 to the heat for long periods, 
nay | shed or may stick to 
ie limitations of the 
ry serious when gathered 
way, but in practice the 
convenient, as the 
rations connected with 
be shown in a short 
troublesome excessive 
to be generated. 
A A ing to 
ses episcope, 
is directed to the con- 
lead of the objective, as 
latter is obvious from the 
the burning glass, the 
ce ring direction 
n concerned 
of images. The object 
ted by trans- 
ed n it by the 
epends 
from its diesem 
struments side by 
rity and difference 
tograph added to 


4h 


"IN THE 


HOOL 273 


d. One end of the lamp 
so that adjustments to 
made when necessary, 
t be greater than 


SENIOR SC 
fixed in the box en 
house is left open» 


the lamp. may be 
Fig. 75. The jens need no 


Fic. 75. MODEL OPTICAL LANTERN 


a common reading glass in size, as no 
attempt to project a full-sized lantern slide 
is to be made. On the extended base of the 
lamp box stand the other components of 
the model. Near the lens is the slide support, 
and some distance away is the simple convex 


- objective mounted in a suitable frame, photo- 


graph page 267. The best positions for the 
various movable parts of the model are 
determined by trial. 

The size of the slide which may be pro- 
jected depends on the aperture of the 
condensing lens in the box end. A standard 
lantern slide can be used if desired, but 
only a portion of it will be reproduced on the 
Screen, unless a very large lens is being 

employed as condenser. More convenient 
transparencies can be made by mounting 
single frames of 35 mm. film between glass 
or by drawing simple sketches on glass with 
slide makers’ ink. Toy magic lantern slides 


d 


transparent 


5 
es i substan 
ipplianc which use these Ces. 

rr 


274. TEACHIN Le 
ACHING IN PRACTICE E 
2 
The following ta 
: ns of developmen; 
" ^ i ( = 
NA Transparent 
| H ` Materials 
A + Glass 
“CEMENT OF SIMPLE OPEN pes 
PTICAL LANTERN Mica 
Ice 
which sheet metal panels) E 
ntilation openings and a 
lanned in the usual way. The — Transhare 
‘pported in a large wooden Appliances. 
nds immediately in front of = 
lar window in the lamp house, | Windows 
holds the wooden slide | Windscreens 
nt stray light from reaching | Glass ovenware 
of plywood is fitted on “Cellophane” 
nd round the lens. Focusing ; 
liding the front unit of the VERDURE 
rOOVes, 
certain appliances help the eye.—A zm MY 
truments have been devised Ros m 
, and hundreds of examples e S Te d 
| constant use. Most of them “7°? «xn 
, but some use several optical — 
attain a comparatively complex | Reflectors which 
devices which are commonly | form images 
' everyday life are for the |..." ay 
{ the first kind and may be | i. Magnifiers and 
five groups:— | Reducers 
Shaving mirrors — 
aces which utilise transparent | powder compact 
mirrors 
ener? | Snapshot viewers 
d: : (Fig 77) 
vents which form virtual images. | Motorists’ mirrors 
ices using radiation other than e— 
vices 2. Plane m 
wy light 4) | Reflecting signs 
The value of this optical Looking glasses 
ransparen Y e yn by gathering together | Periscopes 
property can be ; application in common | x aleidoscopes 
xamples y at may be made, show : 
tances, Fou jals an 
ote si translucent materials - 
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eye defects and their correction give 9" 
rtunity for recapitulating and reviewing 

the subject matter of the whole section. 
is branch of the work 


Properly presented, thi 
ils to have respect for 


encourages the PU 


| 
SS | 
1 


Eye D 
EFECTS D. 
THE RA EMON: 
AN Y Boarp STRATED ON 
A Ree EYE 
A SHORTSIGHTED E 
ONG-SIGHTED EN 
rE 


^ 
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ompleteness, these x 
mentioned, but it is not possible 


SHORT-SIGHTED EYE CORRECTED 
nv MEANS OF A CONCAVE LENS 


\ LONG-SIGHTED EYE CORRECTED 
ny Means or a Convex LENS 


instruments of the highest 
countenances the practice, so 
vadays, of using cheap spectacles 
tely, and it fosters intelligent 
he services rendered by oculists 


is which form virtual images.— 


; includes reading glasses, binocu- 


copes and telescopes. For the 
instruments 


idequate explanation of them in 


representations of. 
of lines (Fig, 80), 
not elastic enough 
Optical devices, T 
fore, that little be 
with the virtual i 
beyond simple | 
Devices using vi 
light—The X and 
important applicati 
graphy and television 
cannot be ignored 
These forms of r 
outside the sphere of 
this should be stated | 
A little general 
on these modern feat 
few illustrations may 
subject should then be 
ness is not without 
that beyond the school c 
many scientific worlds 


he 


Fic. 80. SHADED : 
SHOWING THE ErFECT ; 
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APPENDIX 


i S es 
constant demand, and when circumstanc 


of useful tools have 


‘ems for their requisi- 
tools mentioned 2 

at the requirements of a 
ee work quite 
( a handicraft room or 
! poses to undertake 
activities of the kind described 


as catalogue, List 
le items of equipment 


The lists follow the ` 


it i = "rchase of two specimens 
ee is worth while. The 


of each of these is 3 eee 
i marked with an as 
E T advantageously be 


i lists may 
En or modified forms of them may 


be bought. 


List A 


i Hand saw, 22 in. i 
1 Tenon saw, iron back, 10 in. 
x Hacksaw frame, adjustable, pistol handle. 


Board ion’ i Fretsaw frame, 12 in. 
senior Re me 8 in. or ro in. hacksaw blades, 24 teeth to 
omissions and additions the inch. 2 
L Ditto, 32 teeth to the inch. 
‘in the older schools will Fretsaw blades, medium. 
r equipment through 1 Iron smoothing plane, 2in. blade. 
üthout the aid of a *r Engineers hammer, with handle, } 1b., 


cross pein. 
*r Screwdriver, electrician's, narrow. 
I Ditto, cabinet, 6in. blade. 
*r Ditto, ditto, 3in. blade. 
*r pair Tinman's snips, straight, 8 in. 
I pair Scissors, 6 in. 
*r Hand drill, capacity o to } in. 
*r set Drills, twist, i; in. to 1 in. in 32nds. 
*r pair Pliers, combination, 6 in. 
I Brace, Joiner’s, ratchet, ro in, 
I Auger bit for brace, Lin. 


personal choice and x Ditto ŝin. 
matter of selection, — 1 Ditto, iin. 
ly coincide with x Centre bit for brace, 1 in. 
s d it will, at — Small adjustable spanner. 
* to avoid wasting — 1 Try square, steel, 4 in. 
ate given — r Centre punch, fine point 
tools in a Es 


I fines chisel, 4 in. 
I Cold chisel, cross cut ti i 

hisel, , $in. b 
I Soldering bit, electric or I2 DA E 


I ue da with handles, second cut, 6in 
und, s i i 
r m. triangular, half round 


I set Stocks i i 
uw and dies, sizes 4 B.A. and 


N 
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and taper taps, sizes 4 B.A. x Wood chisel, din. 
A with wren 1. I Cold chisel, flat, 4 in, by 6in, — 

I Soldering bit, 2 oz, no 

I Scriber, 

I Mallet, joiner's, 4 in, 

I Centre bit for brace, thin, — — 

T set Stocks and dies, sizes 
and Whitworth lin, jin, 

er, with handle, r lb., and § in. 

I set Plug and taper taps, sizes 2 
Whitworth 1in., ij in., Lin, 
with wrenches, 

— = ii TM 
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ET A / 
this scheme the writer 
two chief ideas— 
al value of scien- 
the practical applica- 
edge. We live in a 
"the discoveries of scien- 
simpler and fuller life 
for our ancestors. 
| for us that was pre- 
hand workers and multiple 
ne away with much indi- 
worker in any trade 
faction of making a com- 
used to have. He spends 
ine repetition of a simple 
om in his little 
le; but his work calls for 
of his intelligence. We 
not if we could, do away 
but we must, in educating 
member that the education gained 
days | skilful craft work is no 
Rb y, but that we must 
that they are able to 
n every department of 
be able to spend their 
well as pleasantly. 
n are interested in the 
of things, and are natur- 
| the wonder of life. A 
y old so long as he can 
omething new and it is 
should aim at 
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OË three forms oi 
= to show effect of 


INTRODUCTION 


281 


in this wonder 
ledge, and 
to 


ing their children to reta 
Dus Science is know 


Il through life. s l ; 
an knowledge is an asset in helping one ^7 
a fulness of life. But it is not the mere 

) tific facts which is valu- 


knowledge of scien 7 
able, put the ability to discover truths for 


oneself. Le 

That is why all scientific training should 
be practical. The children should work 
out most of the experiments for themselves, 
and be helped to make their own conclus- 
ions from the experiments. The progress 
may seem slow at first, but the training of 
the mind is most valuable. 

All the experiments suggested in this 
course can be made by the children, and 
it will be found that they will suggest other 
ways of proving the same things. 

The scheme has been carefully worked 
out for children of senior school age. If a 
fourth year is possible, the girls can specialise 
in botany, for the children will then have 
sufficient knowledge of elementary science 
to help them to understand better their 
botanical work, and make it most enjoy- 
able. ; 
ES d this domestic science 
Ee m poate to understand 
The k erest in agricultural processes, 
b e knowledge obtained will be remem- 

ered, and the children will not merely 


accept facts, but wi r c 
for! themselves, will want to investigate 


Change of condition:— 


(a) Solids beco ; 

lids become liqui 
aids pam 
(c) Some solids Ses. 


directly ERN das iodine, burn 
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da ING IN PRACT IC? 
Exporines, etmometg, LW 
eire fo find meltin TE 
f various Mau ang 3 
W: iter, 
Fat 
hol 
! ids compared, 
i (b) So 
Expansion of solids. (c sin 
; (d) Hard a 
nd ring. (2) Degrees 
knitting needles. 
nd copper compared. (f) Ae 
Pansion of liquids and gases, (v) Chemi 
ith (h) Hydrogen. 
(i) Impu 
| G) Im 
mparison of gases. : 
ypes of thermometers. 0) P S 
' of the balance. a dg 
Metric weights and measures. bs 
^ principle of Archimedes. 9. A flame. 
Density of solids. (a) Zones 
pe with coins, glass, (b) Inca 
periments with wax, cork. (e Meri 
Specific gravity of liquids. 3. Acids, alkalis 
Brine (a) Tests with 
Milk (b) Washing s 
k and water. 1ses. 
e oil. (c) 
Heat. : 4. Air. 
illustrating conduction, Con- (a) Its che 
doradiatton. j E ion 
(0) Preparation 
13. Air. : : illustrate 
riments illustrating its physical ang (c) Carbon di 
properties: Vend in the 
M , pre "*sure, hot and cold La yi (d) Ventilat 
air, evaporation. 


SECOND YEAR'S COURSE 
iments for children and 


E xper for. 
pesas illustrating :— 


demonstration, 1 


for 


A series of lessons : 
experiments Te! ting 


of foods—hydrogen, 
carbon, nitrogen, mineral 


iodine tests. 


“and its presence in various 


gar nd its presence in various 
Fehling's solution. 
us foods. 


examination of milk, eggs 
toes. 
on of foods necessary 
well-being of the body. 
anges in food. 
f dietetics. 


glands, 
hi —gastric 


juices— 


—lungs , ribs, dia; 

and its cilia 
nd circulatory system. 
s of health. 
ersonal, home. 
rest, 
conditions for health. 
E. 


a 
of apparatus need 

: ed 
ty children, working jn 
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avity bottles, IS. each. 


E a i for specific gravity 


Mahogany shelvin 
bottles. 

1i dozen tinn 

2 dozen beak 


ed sand baths, IS- 2d. each. 


ers at 4$. &. dozen. 

2 dozen beakers at 6s. a dozen. 

2 dozen beakers at 6s. 6d. a dozen. 

qo test tube racks, I$. 4d. each. 

2 retort stands with rings, 45. 6d. each. 

1 dozen flatbottomed flasks at 35. à dozen. 

1 dozen flatbottomed flasks at 45. @ dozen. 

I dozen porcelain evaporating dishes, 
5s. gd. a dozen. 

3 dozen small watch glasses. 

I dozen glass funnels, 4s. 6d. a € 

3 fitted flasks for demonstration, 1s. od. 
each. 

3 fitted flasks for generating oxygen, Is. 
each. 

I dozen measuring cylinders, 1s. 
each. 

6 packets of filter paper, 34. a packet. 

2 dozen pieces of wire gauze, Is. a dozen 
pieces. 

3 glass tube cutters, rs. each. 
p of measures—litre, half litre, quartet 

10 funnel stands, 2s. 6d. each 

Litmus paper: ; 

(Red) x dozen books, rs. 

(Blue) x dozen books, rs. 

2 gr P 

1 dozen test tube holders, 3s. 6d. < 

1large pneumatic trough tin, wi p dozen 
shet, for oalleeting gas, es 6d. 

; thermometer tubing, 2s. 
21b. barometer tubing, 2. Made 


lozen. 


2d. 


.I ball and ring to show expansion, 


T pru 

-I double b; : 

pn d 2 kinds of metal, 
eagents—HCI 

Iron filings. H3S04 
Manganese dioxide 

er filings, > 
mall pieces of marble 

cium carbonate, ^ 


“HNO? NH. 


" 
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LESSON 1 


roperties of three forms Í 
re three states of niat 
ases. Solids have definite 
that shape under ordinary 

ver they are placed, Liquids 

f the vessel in which they 
also take the shape of 

! contains them. They 
ill all the space available 

t in closed vessels they pass 
of the room. Both liquids 
be poured from one vessel 


we made up of tiny par- 
In solids these particles 
cked together, We say they 
ther, and this makes them 
juids and gases they are not 
ked together, they move more 
to spread apart, and so they 
w is not equal in all liquids; 
very rapidly, oil and treacle 
wily. Liquids always have a 
nd if liquid is poured into 
ved tube or vessel it will be 
el in both sides of the bend. 
1 —-Turn on the gas in one 


toms 


room. We soon notice a smell 


pipt 
We sa 


nen 


ia beehive 
so that the moutl 


le 


w tx 


{ rubber tt 
tube lead unde 


the mout 


Resuli Gi 
the 


water, Fig. I- 


i 2 


flask, whic 


ier parts of the room. Why is 
as has been allowed to escape 
and is spreading out into the 
v it is diffusing into the room. 
Invert a flask full of 
shelf in a trough full of 
| of the flask is 


vel of the water. Attach a 


ibing to a gas tap and let 
r the water in the trough 
h of the flask. Turn on the gas. 
is bubbles through the. water 
h becomes emptied of 


What do you suppose is now 


2 the flask? 
mell the flask, ] 
a water will 
earn that coal pas 
soluble in i gas 
it again in a few: 
smell gas. When 
diffused into the c 
with it and now o 
than it did whei fiteb 


What happens? 
liquid and now flows 
The pellets have | 
Pour some of the 


of heat has caused 
become solid. 

Experiment 4—8 
or other fat, in an 
also becomes liquid 
any other liquid. - 
can make use of our |} 
to remove grease 
coat. Place the greasy 
of blotting paper 


grease spot. The h 


which is absorbed 


ir of the room and 
“the same way steam 
Eee a kettle 
heat has turned the 
, Have you ever 
of rain if the 


| or flags? The flags 
ed. In this 
source of the heat to 
Why do clothes 


à hot sunny day than 


n in the path of the 
? The spoon is covered 
oisture, Fi a 

ed again and turned 


clouds of steam — 


Boil some water in a flask, - 


2, The 
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ether or eau 
d. Very soon it dis- 


Experiment 7: 
de cologne on y a 
Where one ? 
tion had you on your hand? It felt cool. 

d was used to change 
s. You can now under- 


stand why, when you have a headache, eau 
de cologne on your head makes it feel cooler. 
Tf you wear damp clothes or shoes the heat 
from your body is used up to drive the 
moisture out of the clothes, and you feel cold. 
Why do you feel cooler when you wash in cold 
water on a hot day? Generally when solids are 
heated they turn first into liquids and then into 
the gaseous form. Sometimes a solid can pass 
directly from the solid to the gaseous state. 

; Experiment 8.—Heat a few iodine crystals 
in a glass tube. There is no change to à 
liquid form, but the iodine is quickly con- 
verted into a purple vapour, which in the 
cool upper part of the tube condenses again 
into the solid form on the sides of the tube, 
Fig. 3. Some substances which are liquid at 
ordinary temperatures become solid when 


the ether into a g@ 


= very cold; e.g., water turns into ice. 


lodine 
crystals 


Fic. 3. 


7 
VarouRIsING 
IODINE 
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Experime 

salt, Fill zr 

Insert tl 


a Lo pa tb i qd 
agi: " e with w: 

oie - tube in the mixture and e 

Mf. 4. In a she i wel 

fall o fos ate ort time the test tub 

pe . is possible with great cold 

ome gases into liquids: iqui 

ud c arbon dloxiis PS E d 


Test tube 
with water 


( 


Mixture of 
ice and salt 


NGING WATER TO Ice 


LESSON 2 


! a thermometer.—To find the melt- 
nd boiling points of various 


1.—To find the boiling point 

Fill a flask half full of water and 
piece of wire gauze on a tripod 

ı Bunsen flame. Place a ther- 

in the flask. What do you notice 
ter gets hotter? Themercury gradu- 
in the thermometer tube until, 
water boils, it remains steady at 
g. 5. No matter how long you con- 
to boil water the mercury does not rise 

ve 212°. Continued heating does not make 
water any hotter. The heat is gradually 
ed in converting the water into steam. 
is the temperature of steam coming 


^ the boiling water? 

Experiment 2.—Now remove the _ther- 

meter from the boiling water for à minute, 
ing out of the 


then bold it in the steam coming : 
f the mercury 1n 


Notice the position of t n 
es ter tube. It is still at the 212 


Fig. 5 


flask 
the thermome 


PRACTICE FO] 


mark. Steam from b 
temperature as the 
the extra heat which is 
water to steam, the 
When the steam 
heat used to turn 
given up. This ex 
steam is much more 
boiling water. Steam 

for heating rooms. As 
water in the pipes, : 
heat and as the temp 
falls it is continu 
the room. Sometimes 


tea for 
mother cooks vegeti ] 
In the ps d ue ^ 
otatoes. In the i 
Pho vegetable. The 
into steam, passes up 1m 
over the vegetables, 
up its latent heat al 
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t therefore 
.. till mot boiling, han 
The fat D pour fat is hotter t 
we know 


boiling water. 


Thermometer 
with layer of 
fat over bulb 


Fic. 7. Fic. 8. 


Mettinc Point or FAT BOILING Point oF 
; ALCOHOL 


Experiment 4.—To find the boiling point 
ofalcohol. Place alittle alcohol or methylated 
spirit tinged with red ink in a test tube 
Place this in a beaker of water on a piece 
of wire gauze with a sand bath over it (as 
alcohol is highly inflammable) on a tripod 
stand, as in the previous experiment. Place 
a thermometer in the tube in the beaker, 
and heat, Fig. 8. Note that alcohol boils at 
a much lower temperature than water. 

Experiment 5.—To show that y 


beakers, Half 
three test tubes, Half fill them with (1) 
red 


2E gauze 
heights to which liquids rise why wies 


8 TEACHING 


{+ 


` time. 
hem boil, 
H b 


nt 6.—' To find the freezing point 
‘se à freezing mixture of salt 
ice Place a small test tube 

th water in the mixture, and 
meter in the test tube, Fig, g. 

' temperature gradually falls 
Ircezes at 32°. Now you will 
t to understand why for all 
mercury is the best liquid 
thermometer. The reasons 


ceczing point is ver 


Fic 


FuxxziNG P 


ily seen. 


9. 
orNT OF WATER 


not smear the glass. 


ng point 


n the freezi 


ex] 


is high. 
y much lower 


ng point of water. 


ands regularly. 


z - zor this the ball and ring 


The ball when cool is 


There is no need to wait 


Expanpep Batt Ri 


You sometimes hav 
a stopper from a bot 
it. Place the neck of 
for a few minutes. T 
remove the stopper 
bottle has expan 
easily come out 
tight cork in the 
in size on heating i 
everyday life this 
Have you ever notic 
ends of a tram line o 
There is a short space | 
of rail and the next. 
spaces are smaller 
expanded. If they 
touching one another 
they would make the li 
would not be able to 5 
simple thing like this 
and rail accidents. In 
allowance has to be n 
T expect you have 
have iron tyres. 


on barrels are al 
‘and for the same 
ou wash dishes you 


certain parts of the d 
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Support 


B 
Fic. 12. 
sion OF IRON AND COPPER 


COMPARING EXPAN 


General conclusions from this lesson :— 


r. Heat expands solids. 
2. They expand at different rates. 


LESSON 4 


Expansion of liquids and gases. 

Experiment 1.—Fill a flask not quite full 
of water. Place in it a thermometer. Then 
place it on a sand tray on a tripod stand 
over a Bunsen flame. You will see the water 
gradually getting higher in the neck of the 
flask, Fig. 13, and very soon the water will 


Level before heating 


expand when 


that a bar mae of 


Fic. 13. 
EXPANSION or W 


ATER 
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come over the sides of the flask. This hap- 

pens as the water gets warm (shown by thes 

on ter) but long before the water boils, 
> water to expand. 

Take three small flasks of 
Fill one with water, another 
ine and another with alcohol 
ted spirits. Fit each with a cork, 

hole to admit a piece of glass 

the corks into the bottles so 
rises to the same level in 

Mark this level with a piece of 

the tube. Now place them 
sh containing warm water. 
You will notice two things. 
^ in all the tubes, Fig. 14. 
rise to the same height. The 
highest. The water rises least. 
this: 
ids expand when heated. 
me liquids expand- more than 


2nd levels 


Ist level 


\ 
~ 
A B c 
Fic. 14- 
vrawssON COMPARED OF WATER, 
TURPENTINE AND ALCOHOL 


other 
wddition, you place an 

in the ge way containing mercury, 

will find that this ei 

me other liquids. bie Pol bd 

the fire or a pan in whi Ehe 

k v exetables, leave room oe pex ) 

" h takes place on heating xp ird 
i reveni boiling Oven 


ork 
ae- i vance and extra Wi : 
and resulti 


ng annoy 


PRACTICE 


alcohol rises 
air in the flask has 
some of the alcohol 


Experiment 4—This 
demonstration only. Fit 
exactly alike as in the p 
and all containing | 
coloured gu Let € 
tain air, another coat 
carbon dioxide. Place al 
of warm water. 

Result.— 


1. Alcohol rises in 
2. It rises to the 


sections:;— 
x. Solids exp ien 
2. Liquids expand W^ 
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day purposes We use the Fahren- 
E ernie, but for scientific purposes 
we use the Centigrade thermometer. E 
Tt will be useful to find out how to C ang 
from the Fahrenheit scale to the Centigrade 
scale, or from the Centigrade scale to the 
Fahrenheit scale. 
How many space 
between boiling poin 
the Fahrenheit scale? 
Centigrade scale? 


s or degrees are there 
t and freezing point on 
How many on the 


180° Fahrenheit correspond with 100 
Centigrade. 
18? Fahrenheit correspond with 10” 
Centigrade. 
9° Fahrenheit correspond with 5° 
Centigrade. 


To change from Centigrade scale to 
Fahrenheit scale:— 
i. Find A of the number on the Centigrade 
scale. 
2. Add 32? to the answer. 

This is the number of degrees on the 
Fahrenheit scale. ái s 
Example.—Change 35° Centigrade i 
E Cia igrade into 


OE: 
5% = == 63 
63 + 32 = 95° F. 


point of water i EL ouch: : AM 
ME oo o remet to Centigrade 


I. Take o 
scale. 32° from number on Fahrenheit 


2. Find z of this number. 


Example :—Ch: o 
a iie cp I31' Fahrenheit into 


131 — 32— 99 
5 II 
9 v d S155 


131° Fahrenheit = 55° 
* = 55° Centi 
or further practice, allow aii: I 
en to 


find 
the temperature of the air in th 
e room 


. 8d of tap wat, 
the ater, and chan 
other. If clinical thermo oss iom to 
avail- 
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N 
we the children will enjoy taki PRACTICE 
ha, temperatures, and ed cicli te 
: nother scale, S 
£ of interest, the children might 
mometer. In p Wr 
| fre eid n this, boiling Ww 
point 0°. It is used hole grams: 
iis country. Fractions;—.s 
T = 13.512 
or oP y 
LESSON 6 d 
balance.—The weights used in 
those used in most other 
weight is I gram, 
1 Dekagram 
1 Hectogram 
1 Kilogra 
I dedeo .I gram Mas 
1 centigram — mE Rs 
nug .0I gram on one edge into ind 
1 milligram = .oor gram the other edge into 
casy to convert from one unit Let the children d 
t is always performed by multi-  that:— 
iding by 10, 100 and rooo. 
other tables are used, they are 
in the same way, and conse- 
v the terms used for multiples, Find the length of 1ft 
| (roo) and Kilo (rooo), and jt equals 30.5 cms. 
les or parts, Deci (ro), Centi Find the width of | 
J: (1000) have to be remem- and the length of the 
eue tables are used all over the and centimetres. - 
and in some other countries as Find the area of 
base of your box of w 
» must be taught to use the balance centimetres. 
Nothing must be put in the pans 
v are raised. Put the substance to 
shed in the left-hand pan of the ind the volume of 
t weight from hic inches and € 


sen take the heavies t 
i that is too heavy, remove e 
on the next lighter one. If it es e 
vy repeat this, and continue, unt em 
balance is raised, both pans E 
Then add up the weights on 


ms first. 
umi ou have been 


end you have 


hox 


nce 
beginning with W. 
For example, 
weighing an object 
the weight pan:— 


suppose y 
isi at the 


Note.—I00 C.C. are ' 
is used to measure 


=. 
sERE 


3 


Fic. 17. 
DISPLACEMENT OF WATER 


upwards. It pushes up just as much water 
as corresponds with the volume of the part 
of it in the water. 

Now try these experiments. ; 

Take a cylinder graduated in cubic centi- 
metres. Put into it 50 c.c. of water. Lower 
into the flask or cylinder a penny. Note 
height to which water rises in the cylinder. 
The difference between the first height and 
the second is the volume of water displaced 
by the penny, Fig. 18. This is the volume 
of the penny. 


— 2nd water level 
Ist water levet 


Fic. 18, 


FINDING THE VOLUME 
OF A PENNY. 


Repeat this experiment using:— 
I. À marble, 


2. À metal cube, 
3- Some nails, 
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en putting water into a bath 


Remember wh 
the bath 


the pan contai 
less in water than it 
loss; i.e., the ; 


when preparing water for cook- 
to leave plenty of room for 
5 well as room for the expan- 

r on heating. 


LESSON 9 equal volume of wate 


| the density of a solid which is then weight of an 
an water.—When a solid is im- — W = W.. Sp 
t experiences an upward : Und 
iid which is equal to the W-—W, gives à com 
id which it displaces; and of the penny with the 
lid is equal to the volume Repeat this experi 
ch it displaces. We can Repeat this experime 
principle to determine the stopper. 
y which is insoluble in water. Repeat this experime 
Suspend a penny by means of steel. i 
tton from one arm of an Repeat this e 
and counterpoise with ^ From these 
ther pan. parison of the weigl 
over the pan of the balance compared with the 
penny hangs. Filla beaker of water. 7 
place this on the stool so Experiment 2.—Ma 
ings into the water, Fig. Ig. than water; e.g., cork 
ntaining the weights. They float on the water. J 
nce. What must you do to must be fastened to a 
nce? Remove weights from mu ur E me 
used in the previous 
so that the wax will 
as before in air. M 
Weight of penny + Wax. — 
Weight of penny as 1n p 
Weight of wax alone — 
+ wax — weight of peni 
Weigh wax and penn; 
late loss of weight of 
before, Lies 
weight of wax in ait | 
weight of equal volume 


To find the relative 
To do this we have to 


Fic. 19. 
rv or A PENNY 


Fiwpiwo THE DENSI 


/— Domestic 


weight of an equal 
volume of water. We 
using a specific gravity 
bottle, Fig. 20. This 
isa small flask-shaped 
bottle fitted with a well 
fitting stopper. In the 
stopper is a threadlike 
hole. When the bottle 
is filled with liquid and 
the stopper inserted, 
a small portion of the 
liquid escapes through 
the very narrow hole. 
The bottle should be 
wiped quite dry after 
this has been done. 
-p-—We use brine solution 
en made by dissolving 20 grams 
| cc. of water. Take a specific 
| and hold it near a flame in 
ite sure it is dry inside and 
the bottle empty. Now fill 
ordinary water. Wipe off 
hich escapes after inserting the 
| the bottle full of water. 
between these two weights 
ight of the water. 
+ water = W, 
alone =W, 
ralone =W, — W, 
t the ordinary water, and 
ith salt water. Be sure the 
i Mag the flask full of 


water of th 
ined should i 
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$ ecific gravity 
Experiment m RE previous experi- 
of mill. Proceed a5 tat will give you 
ment. A cateful exp ific gravity of milk 
the result that the spec E c. of water 
is 1.03. Me heavier, I C-C- 
or I c.c. of > e 

Experiment 3— Now take a pong 
milk and water, in equal parts, ane i ks 
the last experiment. You will find that the 
mixture is heavier than water, but lighter 
than milk. Milk should be about Hs 
Suppose you suspect that the milk supp z 
to you has had water added to it, what c ou € 
you do to help you to determine if this is 
so? Find its specific gravity and if it is less 
than 1.03, water has probably been added 

Experiment 4.—Empty your bottle and be 
sure it is dry inside and outside. Now fill it 
with olive oil. Weigh the bottle full of oil, 
and find the weight of the oil alone. 

Weight of oil 
Weight of water 
Oil has a less density than water. Why does 
oil float on water? 

Experiment 5.—For demonstration only 
Make. use of the specific gravity bottle to 
find the density of mercury. It will be found 
that mercury is about 13.5 times as heavy 
as water. It is the heaviest liquid known. - 

It is a useful exercise to find the density 
of water at various temperatures, and estab- 
lish the fact that the higher temperature of 
oe the less dense it is. 

there is time to allow E 
lesson on this section, it will zd "du o 
allow the children to find the densiti » 
other common liquids; eg. Eee 
cerme, sugar solution, tea, ; 


— a fraction. 


vinegar, gly- 


LESSON 11 
Conduction of heat. 


Experiment I.—Hold a knitting needie m 
a Bunsen flame The children in time will 


Soon let the knittin: 

need ` 
you drop. the COM: zi A. Why did 
„not in ame hot 


Contact with the 
nd became hot. The beat 
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u 


avelled 


ith the fact that the handle of 


Testis 


-ACHING 


* conducted the heat. You are 


! has been in the fire a little 
too hot for you to hold it, 


{ kettles and pans on the fire 
The handle of a metal 


t 


ı hot tea becomes too hot 


lo compare the conducting 
Clamp a thin tile to a 


© some pieces of wire about 
pper wire, steel wire, and 
e these so that at one end 
wires are near together but 
nd at the other end are 
Fig. 21. 
of a Bunsen flame at end 
three minutes. Then run a 
h wire from end B towards 
used must not be a safety 
it which point each match 
k each point. Repeat. The 
t ignite at the same distance 
wire along which the match 
test way will be the one which 
luctor of heat. 
will light first on the silver 
the copper wire and last on 


Fic. 2I. d 
6 tme BEST CoNDUC 
or HEAT 


IN PRACTICE FO 
! along the rod. We say that 


the iron wire, Ci 
Conductors than iro ES 
Experiment 3.—Ta 
about the same th 
and an iron disc, 
each place a small | 
piece of wax (same size 
on each). Place the dis 
on a sand bath over 
tripod stand, 


which piece of wax melts _ 
first, and which 
Fig. 22. The wax on 
metal which is the best 
conductor will melt first. 
This is another way 
learning the same 
as in the last 
ment. 


be more economical 
cooking on a gas sto 
costs more than iron, 
and gets hot more qui 
factories where jam is ma 
pans are mr : t 
sometimes of copper. Vl 
kettle and un M 
more rapidly than an } 

Exbenment 4.—Take a 
piece of slate, a P 
of glass, and a piece A 
wood, a piece of china 
will do) 


each place a piece i 
wax and place 5 
sand tray as a 
vious experiments, 
23. Notice the rate a 
which the wax melts. the 
all these substances Hem 
time taken to melt ii 
wax is longer than im 


4 conductors. ; 

S o show that metal is a 
than air, Heat à 
of water till it is 
the original reading. Hang 
in the room and notice the 
thermometer is at its 
this by count- 
watch, 
sat the thermometer to the 
as in the previous experi- 
» thermometer on a sheet 
se that it runs down much 
o its original temperature. If 
wat, using another sheet of metal. 
ts show that compared with 

bad conductor of heat. 
be able to understand 
plan to have a wooden 


| spoon for stirring jam or 
cork and wood are useful 
- Can you explain why on a 

railings feel colder than 
ce, and why the iron part of 
than the wooden handle? 
© compare the power of 
at by wool and a metal. 
ind a piece of felt of the same 
small piece of wax on 
sand tray over a Bunsen 
that the wax over the 
ly than that over 
that wool is a bad 


Wear woollen clothing? Wool 
' of heat, and does not 
t from the body. Wool which 
| Warm can also be used 
ice is wrapped in a thick 
‘does not conduct heat 


is also very 

: 3 porous. It 
SON pores. This air is a 
4t, so the wool acts in 


t or to curling irons, why 


the ice, so the ice keeps — 
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to be some shrinking and 
maller. That is, new wool 
than old wool. Why do 
ipes sometimes 
tiles and slates 

houses than 
plants in 


ing there is sure 
the pores become $ 
contains more air 
ople cover outside water P 
with felt in winter? Why are 
better roofing materials 5 Pa 
i í o we cover tende n 
Me Hn Er How does a loft in the 
‘roof of a house help to keep the house dry 
and warm? Houses with thatched roofs are 
kept cool in summer and warm in winter. 


Clothing.—The best clothing for cold 
weather is in dark colours because they 
absorb most heat. The best clothing for hot 
weather is in light colours because they 
reflect or send back the heat. Woollen 
materials are bad conductors of heat, and 
are therefore best to wear in cold weather. 
In Summer a light coloured thin woollen 
dress is cooler than a dark cotton one. Fur 
and leather are bad conductors of heat and 
are therefore useful for keeping one warm 
in cold weather. Feathers are bad conduc- 
tors of heat, so an eiderdown bedspread, 
though light, is very warm. All loosely 
woven materials are warmer than tightly 
Woven ones, for they contain plenty of air, 
which is a bad conductor. All clothing 
"eo i. pe i order that air may be 

. Tight shoes i gloves c: 
cold hands id feet Be = cloves cause 


LESSON 12 


c $ 
En of heat.—At the moment of 
& a vessel of water on the fire or over 


à gas flame to heat t 
Same density. The , all the water is at the 
the flame begi 


'S, and 
There is 4 
water and a 
ooler water to take 
on of the water is 


falling of the r 
its place, 


i wi 
ole stream sho 


iter becomes mi 


TEACHIN 
differences in density, and the Water 
tes with it the heat it has Teceived from 
flame. There is, therefore, actual convey- 
it from one part of the water to 

ictual movements of the par- 
We say the heat is trans- 
nvection, 

1.— To show the presence of, 

rrents in water which is being 
| flask and partly fill it with 
“pon its surface some light 
lust. Place the flask on a 
heat by means of a Bunsen 

ce the movements of the 

vels down the sides to the 
lask; ie., it goes down with 
then rises up the middle 

ver water, and so on, Fig. 24. 


f he 


24- 
NVRCTION CURRENTS IN 
Hratep WATER 
\ variation of this E 

periment 2.77. VE of tl à 
on be shown by spe i 

( permanganate of punc xi 
+ (the water. You Wl d 
we the path taken Py’ 
ti the colouring 
water, which 
and we can 
currents. 


After a time 
ixed with the 


rple colour, 
m pu pl ; 
a uniforr 3 i 


i ived crystals. 


ow j 
konger detec 
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s 


We make use of 
tion currents set 
warm large bui d 
churches, factories, 
are also heated in 
a furnace in the ba 
boiler. Near the top 
called the up fae p 
sends branches to 
rooms which are 
pipes are conn 
various rooms, 
radiators, the water 
pipes. These finally 
Which enters the 
Hot water is lighter th 
in the boiler gets hot, 
pipe, passes into the 
cooler and flows down 
of the boiler. This is 
vection current for 
Fig. 25. This is a 


Boiler 
Tra. 
HEATING A} 


TA 
Beets: 

4 ^ Us A A 
SCIEN j 
half way into the bell jar. Relight s ares 

d place the bel jar. over 1t " 
Made wi urn, Fig. ? 


i to 
candle will continue l 
T warms the alr, 
pur Te Cooler air goes 


rag Du. These convection 
in the jar keep the candle 


currents set up Y > andie 
E supplied with air, and it continues 


i5 to burn. 


| Radiation of heat.—When we stand in 
front of a fire we feel the heat from it. The 
| air itself has not become hot, but the heat 

' passes from the fire to us. In the same way 
we feel the heat of the sun’s rays. We say 
the heat of the sun and the heat of the fire 
reach us by radiation. 

Tf a thermometer is hung in a vessel from 
which air has been extracted, it can still 
‘receive heat from external objects. If you 
place a piece of black cloth, or dark coloured 
cloth so that it is exposed to the sun’s rays, 


even on a frosty day this cloth becomes 


much warmer than the surrounding air. 
Heat can pass through the air without warm- 
ing it as much as it does an object in the 
air, The drier the air the more rapidly does 
it allow passage of heat by radiation. 
Some substances do not allow the heat 
to pass through them but become rapidly 
heated. You have all. felt how hot the 
pode p of a motor coach or bus 
ecome when exposed to t| i 
bus. p o the sun on a 
We talk about ra i 
ys of heat in the same 
PT as Bs talk about rays of light. Sub. 
ces which allow light to pass through 


them also alli i 
Een ow radiant heat to pass through 


f paper, and set fire t t 
people discovered m Paper. Long ago 


by mi à it was ible 
é Eon eni glasses to ot at 
reflected. Ps. Radiant heat can be 


TEA CHIN 
Methods of heating. 
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Used for boiling. 
Hot water pipes. 


res; coke fires, 
s fitted with asbestos fuel, 


IX M 
wc Bow GAS 
gcTING 


Ker 


d s - 
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n volume 
the first 
the first 


ers is equal i 


ives you 
experiment Ei is possible to find the 
weight of air and calculate the weight of a 
litre of eir. 

x litre of air weighs roughly 1.3 grams. 

Since a litre of water weighs 1000 grams, 
you can see how very light air is compared 
with water. 

Experiment 3.—Another way to show that 
air has weight. Put a small quantity of 
water in a flask. Fit the flask with a good 
stopper which carries a short piece of glass 
tube to which is fixed a small length of 
rubber tube. Boil the 
water and allow plenty 
of steam to escape 
through the rubber tube. Clip 
jve -Remove the source of 
heat and then clip up 
= the rubber tube, Fig. 33. 
Allow the apparatus to 
cool The rubber tube 
collapses as the steam 
in the flask condenses 
to water. Weigh the 
whole piece of apparatus. 
Then open the clip. Air 
will be heard to rush 
in to take the place 

originally occupied by 
Steam. Weigh again. 
The difference is due to Provin 
the air which entered ie Re THAT AIR 
when the clip w x EIGHT, 2ND 
opened. as METHOD 

Experiment 4.—Fi 
so that you aa ome 


Fic. 33- 


102 


r would fall off, 


TEACHING IN PRACTICE (9 


if there was air above the water, the 


! have all seen boys piis aio 
| ha all see ys playing wi 
Sucker. This is a dicia n ot 
Which is attached a piece of string, 
s thrown on the &round, and 
mps on it to press out air from 
Then you are asked to pull, and 
you cannot pull up the sucker 
pull sideways to let air get under 
* of air above the sucker 
ker on the ground. 


34 
WATER IN TUMBLER 


Take a glass funnel, and 
thin piece of rubber. A piece 
lloon will do very well. From 
f the funnel suck out air from 

Ihe piece of rubber is drawn in 
owing to the pressure of air 
le, Fig. 35. 
fruit, nescia use is made of 

The fruit is placed in the 


Fic. 35- 
4. Position OF 


RUBBER 


WHEN ^4 á 
sUCKED oU 
UNNEL x xd 
now AIR PRESS 
on RUBBER 


jars with water or « 
drives air out of 
Covers fitted with 
on the jars. The f, 
the jar. To open 

be pierced or forced 
air. Then it c. 


to drive out some of the 
hot insert the stopp 
will see that to make 
to be removed from th 
This shows that a volu 
lighter than an eq 
A famous scientis 
person to measure 
He performed the fo 
Experiment 7.— 
long and closed at 
mercury. The o 
thumb, and the 
containing mercury. 
sank in the tube, until 
about 30 in., Fig. 36. 


over a Bunsen flame. 


2 Se 2x 
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pSTIC SCIENCE 2 
y ane «c 4 iyo of water containing 
triking Way if ajug o . 
m ks PUE e into a warm room on a summer 
Gay. will 

d ople wearing glasses 

pomeumes P. T very warm room 


tice that on entering a i 
the glasses are dimmed. The cool surface of 
the glass causes condensation of moisture out 


of the air. 
Certain su 

air readily. Co 

the presence © 


moisture in air. : 3 
Experiment 2—Take a piece of blotting 


paper and dip it in cobalt chloride solution. 
This is pink in colour and colours the blotting 
paper pink. Dry this paper on a sand bath 
It becomes deep blue 
in colour. Remove the paper and leave it 
on the bench exposed to air in the room. It 


bstances take water. out of the 


balt chloride paper indicates 
f very small quantities of 


- soon begins to go pink in colour, showing 


that there is moisture in the air of a room. 

Catgut rapidly takes up water in wet 
weather. When dry it twists, and when 
‘moist untwists. 1 expect that you have all 
seen a little model house in which live a 
man and woman. It is so arranged that the 
man comes out when it is wet weather, and 
his wife comes out when it is fine, Fig. 35. 


id Fig. 38, 
INTERESTING BAROMETER 


A piece of 


from the 
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catgut is used to do 
isted 


this. When 
and the wife is sent out, 


t untwists and the man is sent 


To find the effect of 

n the temperature of a ther- 
e à thermometer and read the 
I hen dip the thermometer in 
d the other end while the ether 
© mercury falls in the ther- 
», its temperature is lowered, 


uses a lowering of the 
8 


t ——To find the loss of water 
n from different surfaces. Take 


evaporating dish, a wide beaker, 


v mouthed flask. Put in each 
| amount of water, say 50 c.c. 
el and contents, and leave 

| to the air of a room. Leave 


enty-four hours. Weigh all the 


You will notice that all will 
t, but not to the same extent; 
from the narrow necked flask, 
| the wide beaker. Evaporation 
the air depends upon the 
face of water exposed to the 
there are large surfaces of 
| to the air there will be rapid 
e.. from the surfaces of ponds, 
: sea. The amount of 
Iso depends upon the dryness 


of the air. On dr 

evaporation than. 
Experiment 

chloride absorbs 


used for making 
phere. Take 


also a dish co 
dry the air. 
hours and weigl 


a room, near a radi 


dry better on a 
day, because the air 
evaporated from the 
being taken away, 


varies according to 
and nearness to large sui 
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YEAR'S COURSE 
Lode pass through the blood vessel walls and enter 


the blood in the gills. The blood then carries 


it to the places where it is needed. Water 
Í plants are able to use the small amount of 
"air dissolved in water for breathing purposes 
Centi- also. Now the deeper we 8° down into the 
es con- water the less is the amount of air dissolved 
It in it, until in very deep water all life is 
t of air impossible. Constant up and down move- 
air is ments in the water, caused by differences in 
taste temperature, cause water containing air to 
be carried in convection currents to lower 
glass regions in the water. Most substances when 
over à changing from the solid to the liquid state 
you will expand, and contract when solidifying. How 
les does water behave in this respect? 
nd Experiment 2.—Take a small flask and 
of. um nearly fill it with ice broken up into small 
Dee Add water to fill up the spaces be- 
E the ice. The smaller the pieces of ice, 
he less water you will need to add. Mark 
the level of the ice and water by cotton tied 
round the neck of the flask or by a piece of 


Ist level 
2nd level 


Fig. 40. 


Ick Contracting on 
MELTING 


9 TEACH s P 
| | ING IN PRACTIC 
“a paper. Then hea i 
This can be dene age er You can 
| sand tray y placing the om wat 
eem ay over a Bunsen flame i3 ter. About 
that the water level becomes xu floats above 
melts, Fig. 40, From this wr d 
nlike other solids, melting ice ich are flo 
changing from the Solid to 
lake ^ small test tube and 
Cork it, and place it in a 
f salt and ice, Fig. 4r. to the bottom. 
eezing mixture cold weather it wo 
lakes and pond: to be 
of solid ice. This wo 
animals and plani 
ric 41 
y WATER IN FREEZING 
wut half an hour. By that 
will have turned into ice 
panded and broken the test 
vben changing into the solid 
| the force of expansion has 
to break. This experiment 
| in a striking way, by using 
ttle filled with water and fitted 
Ihe cork should be tied on 
At the end of the experiment 
icked in several places, Fig. 42- 
led Faraday did a remark- 
ment to show the force exerted 
changed to ice. He took 
| filled it with water, and 
ned it with a bung. Then he 
non ball out of doc> heard. Experiment q TO 
; time a loud report was coun eae un 
tior „as found that the force the behaviour 
aim ice had burst the Apparatus, 2 p l 
expansion € f z th two ` 
il This explains why, in ss om side, one at 
weather, we some iiss E into at the bottom. A ough 
es. Water in the pipe’ phot the pipes. middle of the jar. 40€ 
| the force exerted bes wm i| water, taken preferably 
vot discover the crack or burs d the of doors on à cold day. 
Ei j ice melts, an ; ing mixture 
* thaw comes when the h the cracks with a freezing i 
x) water flows out throug ` must watch the beha 
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FIG. 44- 


SHOWING CONTRACTION WHEN VAPOUR 
CHANGES TO WATER 


Experiment 6.—Fill a barometer tube with 
mercury. Cover with the thumb, and invert 
the tube in a dish containing mercury. 
Fasten the tube upright by a clamp to a 
retort stand. Mark the level of the mercury 
with a strip of paper. Introduce by means 
of a pipette a drop of water under the open- 


1st levels 


` 2nd levels 


T Fic, 45. 
AT: 
ER Vapour Exerts PRESSURE 


longer sec them? 


FK xberiment I. 


a 


TEACHING IN PRACTICE 1 


romain 
ne ee tube, The water, being 
h ercury, rises to the top 
and quickly evaporates 

© above it. Repeat this 
no longer evaporates but 
rop on the surface of the 
pace has become saturated 

ir. Notice the level of the 
now fallen in the tube, 

lue to the pressure exerted 
\pour on the column of 
vapour exerts pressure. 
water which can pass into 

e column of mercury is in- 
erature. This can be shown 
experiment, The upper part 

ter tube is surrounded by a 
(ted with a rubber stopper 
the barometer tube can pass. 
Invert the tube as in the 
riment, Then pour water 
en heated to 35°C. into the 
pper tube. Introduce water as 
c mouth of the barometer tube. 
{ liquid pass above the mercury 
vapour before the space is 

; water. The mercury column 

r than it was in Experiment 6. 
‘our is above the column and 


. * » 
exerted by it is greater, Fig. 


LESSON 2 


ability of substances in water.— Sub- 
ich disappear when put into à 
id to be soluble in that liquid> 
ar disappear when put in water. 
when the water 
from melting. 


caused by heat, 
bstance is changed, 
How can you te. 
are still in the water, 
ake à saturated d 
water 

" } water. Put 50 Gei of ee 
of salt in water). Weigh 50 8" à 
beaker (use p KR eal partion à 


To m 


mmon salt. 


salt into the | al 

it has disappeared, K 
little at a time 1 
longer disappears, 
saturated solution o 
the salt left, T 


out how much has 
temperature oi 
know how much 


using sugar 
mometer in the 
sand bath and hea 
solved sugar has d 
sugar and stir, an 

water is 20° hol n 
continue the rin 
boils. From these K 
learn:— Ee 


I. That water di 
2. That heat 
water to form 


Experiment 3.— 
taining the sugar 
happens? Gradually 
amount of sugar c 
solution. When the 
reaches its first level, t 
siderable amount of unc 
beaker. Can you su 
do to get all the sugar » 
until a large proportion 
off in vapour. then 
water to evaporate 
seems nearly to have 
beaker slowly on à 
sugar is quite 
ie sugar in the beaker. 
the sugar you had let 
amount of sugar you ' 
might get a more d 
the beaker containing UI 
then Ad the 

ectl er 
"T he children might 
the solubility of E 


Tin 
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point of water. 
beakers:— 


1. Distilled water. 
2. Strong salt solution. 


3. Sugar solution. 


Place in three similar 


aker on a sand tray and heat. 


Place each be 
thermometer dipping 


B In each beaker place a 
water (con- into the liquid. Heat these on a sand bath 
over a Bunsen flame. Notice the time taken 


o to bring the water to the boil, and the tem- 
two small evap- perature registered by the thermometers 
h 20 cubic centi- when the liquids actually boil. You will see 
distilled that the distilled water boils at a lower 
temperature than the water containing sub- 
d trays over a Bunsen stances in solution. When cooking vege- 
Continue heating: tables, it is best to bring the water to the 
boil first and add salt when the vegetables 
are nearly cooked. In stewing fruit it is also 
best to place a little cold water in the pan 
z m De = and allow the liquid to boil 
en the fruit is soft the ; 
added to sweeten. UM 
Some substances are not soluble i 
s le in wat 
E AU u er, 
iu in 3. Weigh 5 grams of sand. 
ea eaker containing water. Add tl 
sand a little at a time to the water, and s ir. 
The sand does not disappear in c "m oe 
Heat the water, still stirri E E 
OR » irring. The sand does 
sappear. Continue heating until : 
, EM evaporated and the ern eee 
3 : 4 S quit 
evaporated from the ay A can be left for a time on a i^. 4 
r a Bunsen flame. Th Pi aon 
EX dea E - Ihen weigh the 
Eun : E mpty out the dried sand 
water you careful you will T ry beaker. 
i again weighs Beane nd that the 
weight, F and and other 
Tom be separated from 


If you are 
sand still 


ME 
ndissolved matter can 


Experiment 
i 4.—Take 
contains sand and fine pd water which 


d 
nto a be: Nd pour it th; 
co’ tO a beaker, Tough 
“me through is clear, ZA zi = hicks 
4 n and mud 


TE 


hind on the filter paper, Fi 
iid is not perfectly clear the f 
t into another funnel which = 
1 — filter paper, and aia 
t beaker. The liquid will now 


per does not remove. sub 
| in the water : 


Fi 47- 
; A LIQUID 


Take some water to which 
1 salt and sand, and repeat 
Taste the pure- 
hrough. It tastes 
the dis- 
ded 


) 


experiment. 
ter which comes t 
; does not remove 
It only removes suspen 


iw 


The water boils, 


! 1 " 
m: nd flask. water collects in this 


vapour condenses 


ACHING | 
HING IN PRACTICE FOR 


Fre, 
DISTILLATION A 


This process of convi 
and collecting and 
called  distillatio 
absolutely pure water. 
tion of water used at 
poses is obtained b 
from the sea. It is p 
to get supplies of W 
for a few days. 
is carried on all the. 
drinking and 


the se 
interest to 
allowed to 
tea and of beer. 


rs. — When we wash our 
r when we use 
When we use rain 

Jather easily wI 
water which con- 
“it is difficult to obtain 
» this also when we try 
f . We say that water 
n - easily, is soft water, 
with difficulty forms 


large amount 
is formed 
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at all. If possible, repeat with E e. 
Distilled water is the softest of all e 
next to rain water. Waters eons "o - 
of lime, magnesia and sulphates are à 

waters. Sand is insoluble in water, so wa n 
collected from sandstone districts is soft 
water. Water obtained from sources where 
it passes over limestone rocks and rocks con- 
taining sulphates can dissolve small amounts 
of these substances from the rocks, and so 


becomes hard. 


LESSON 5 


Removal of hardness from water. 

Experiment x.—Take 50 c.c. of lime water 
used in the previous experiment. Boil it for 
ten minutes. You will see very shortly a 
whiteness produced in the water. That is, 
something in solution is deposited. Filter 
the water, and use the water which passes 
through the filter paper for the experiment. 
Take equal parts of this water and unboiled 
lime water. Add soap solution by drops to 
each until a lather is produced. Write down 
the number of drops needed to produce the 
lather. Boiled lime water uses less soap 
solution. Boiling has removed some of the 
hardness. i 

On passing through soil, water is able 
take up carbon dioxide from Be col Swale 
containing carbon dioxide is able to disso! a 
some of the chalk from chalky rock sien 
becomes hard. When you boil wat : 
taining lime in solut PT 


, and 


domestic pur- 
unt of labour 
floors, 


TEACHING 


"i 2—Take a beaker containing 
nd breathe into it through a 
(49. The lime water turns 
ioxide is the only gas which 

r milky. Now continue to 
water. After a time 
ppears, At first the milki- 
because calcium carbonate 
m oxide 4- carbon dioxide 
rbonate, which is insolu- 
ter the excess of carbon 
nite with the carbonate, 
ompound with the lime. 


Ks. 


Fic. 49. 


wa CARBON DIOXIDE 
» Lime WATER 


NT 
Divide the clear liquid 
ent into two 
by boiling. 
vide is driven off and a deposit 
This is repeating : 
econd portion add pure lime water. 
tation of lime takes place, 
with the excess of c 
] the insoluble 
This can be filtered, ES 


It 
| with soap Se nad 
softer. This met 
containing 
mployed on 


b« 
water 


lation ms € 
works. 


. through. 


pi 
R 
Experiment 4. 


Boil it for ten minutes, 
of soap solution need 
with this boiled sol 
unboiled Epso 
of soap solution 
cases. We cann 
ing. Hardness 
bonates in sol 
on boiling the wa 
hardness. Hardness 
phates in solution, | 
appear on  boilin 
hardness. 
Experiment 5.—Use 
soften water for 
two samples of hard 
into two equal po 
experiments to test 
need soap solution 
add borax. Now find 
solution needed to | 
untreated and 
needed after the b 
this using soda, anc 
result. Soda and boi 
softened in this way 
drinking. i 


You may know t 
gases. In this mix 
own characteristic p 
In water we have 
ent. It is a substance 
gases which are U 
duce something quite 
of its constituents. £ 
oxygen, the nature of 
in your lessons on 
called hydrogen and. 
to see it made, an 
to show you its prope 
periment X.—^ UE 
Er flask and à cork 
it. The cork m 
it. In ones 
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in the same way: So far 
he gas produced is colour- 
er than water, and is 


ad the other jars 
| you can see that t 

less, that it is light 
-insoluble in water. A St 


remove t X 
inverted and put a li 
mouth of the jar. You 
explosion and 
jar begins to burn. Hydrogen gas burns. 
| When mixed with air it forms an exp 

n mixture. 

| Experiment 3—Take another jar. and 
. plunge a lighted taper upwards into the jar. 
"The hydrogen burns at the mouth of the 
jar but the taper is extinguished, Fig. 51. 
- As the taper is drawn out of the jar it re- 
lights in the flame.of the burning hydrogen. 
‘Plunge back into the jar. It is again 
extinguished. We thus learn that hydro- 
= gen, although it burns, does not support 
. combustion. 


ic "E Ed 
A gy nme 
VS 
= 
Taper 
Fic. 51. 


Hipnocen Burns, BUT 
OES NOT Support 
COMBUSTION 


, Fig. 52 i 
52. It is best to have a 


wrapped round th 
e upper jar. A 
- Apply 


j into the 
henment 5 


has 


eo 
waker 
the bes 
soe T 
Hyár 


ca 


colourless 


| taper to the mo 
> utl 
s burns 1 of the upper 


Fic, 52. 
HYDROGEN UPWARDS 


^criment to show that hydrogen 

air.—Counterpoise a large 
balance. Place the beaker with 
ist over the edge of the pan. 
rogen apparatus working again 

. little more sulphuric acid down 
funnel. Place the mouth of the 
under the beaker, and watch 

The pan containing the beaker 

Fig. 53. It is lighter than it was 

\fter about five minutes you will 

the beaker and the weights are 

unterpoised. Hydrogen has escaped, 

gain fills the beaker. Hydrogen has 
air of the room. 

After the hydrogen appar- 
two minutes app. ya 
be. Hold over the 
n a large dry glass 


re deposit 
hen burning PIO- 


ix 


been working 
the delivery tu 
f burning hydroge 
Notice the moistu 
iker. Hydrogen wi 
moisture. 

ven and oxygen compar 
gases Wl 


gen does not su 
insoluble in 


Some other impu 
sometimes called the 
cause it is capable of 
of all matter found 
is able to do this 
contains a smal amou 
in the water. 

Now, all water in 
is able to take up !! 
carbonic acid gas This. 


soil by the brea thil 
ani als, One es 


ous poison. 


and not lead. p 
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scarlet fever 
also 


of cholera, typhoid fever and 
can be carried by contaminated water, 


rms of diphtheria. | 
Experiment 2.—To test water for organic 


impurity. Place the suspected Water in a 
d add to it a few grains of per- 


beaker, an 

manganate of potash. At first the solution 
is quite pink. If after a short time it turns 
prown it shows that organic matter is present. 
Compare tap water with water in which 
flowérs have been kept for a week, or in 


which grass or straw has been kept. 


General summary of the importance of a 
pure water supply.—Water is very largely 
used for drinking purposes and for cooking. 
Even if some people do not actually drink 
much water as water, it is still the basis of 
all our drinks—tea, coffee, cocoa and soups. 
It is used for preparing vegetables and 
cooking them, and is used for making bread 
eed and puddings. 

It is also used for personal cleanli 

3 eanlin 
washing of clothes and houses, f fe $ 
public baths and wash-houses fi a 
streets and flushing drains pee ene 

Since it i > 
ES DAT RA p ag many purposes, our 
in our healthiness, te es iiem 
we have a constant and good a ME 
|» purposes. good supply for all 


LESSON 8 


coo] Wet da 
When us 


TEACHING IN PRACTICE. 


darina 
Ee these begin to 
debe ds than the surround- 
noisture in the air is deposited 
explains why dew falls on a 
g and you see it on grass 
i early in the morning, This 
‘ew prevents plants from 
iv in dry weather. 
it falls is the purest of all 
for it is practically distilled 
t very dependable for drink- 
its supply is not constant 
` apt to become contamin- 
through the air it takes up 
t and in towns is very dirty. 
f ait is to be used for drinking, 
len tubs, for wood decays 
water impure. It should be 
t no living thing can enter it 
» be fouled. It is very soft 
vod to use for washing and 
es. In places where the usual 
s hard, people often collect 
the above purposes. It can 
muts and dust even in towns 
it to pass through muslin before 
torage tub. 
ntry it is very rarely used for 
irposes as it is flat. This is be: 
not contain sufficient air. 
es of water supply are rivers 
Water from ponds is always 
drink as it is liable to be con- 
animals which visit the water 
purposes. Water from rivers 
pood source of water supply, 
collected from the early part 
before it has reached a large 
It is constantly in motion 
kely to be well aerated and is pe 
Unfortunately, a river at this 
very small, and the amoun 
Do not be 


t be « 


town 


te 


fe 


Y 
À 


River Thame 
the water ci 
to the houses, 


remove sus ; 
matter audis d 
hardness, 

Water for 
be stored in a 


large mountain lal 
pure and soft. Mam 
its water from Lal 
District, and 


it passes througl 
water to pass readily 
only allow it to £ 
not at all. Sandst 
water to pass thr i 
clay, slate and grani 
water to go throug 

Experiment 1.—Take 
Jine them with filter 
coarse sand, another 
other with powdered 
space at the top of 
three measuring & 
same amount in 
funnels should be 
graduated measu 
time line another 
the paper place a layer 
it over a jar. Pour equ 
into each funnel. 
asses more qul 
dt quickly through 
it does go through 
through the clay, Fi 
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| and becomes harder. It p ae t " 
‘ind until it comes to sla i 

p. through which it cannot pass, an 


will collect on the pu us leen 
. If a hole is borec 
; "m layer, water will rise through te ee 

To make a well, à pit or shaft is Cus M 
. the impermeable layer, and water rises up it 
The shaft is lined with some impermeab e 
substance, and a well has been made. Some- 
times the water does not rise actually to the 
surface, but has to be pumped part of 
the way. Well water is hard. The deeper the 
well the harder the water. If properly built 
“it is free from organic impurities; it is also 
. pleasant to drink, and is always cool. 
Shallow wells are not so safe; they are more 
liable to be contaminated. 


Formation of springs, Fig. 56.—In some 
country districts water is obtained from 
springs which arise on a hillside. The rain 
water falls on the earth, sinks into the 
ground, and continues to fall until it reaches 
an impermeable layer. Then it flows along 
on the top of this impermeable layer until 
it finds an outlet in the hillside. This we 
call a spring. 


Surrace Soi. 


Fic. 56. 
FORMATION oF A SPRING 


_ through the air it becomes a’ Passing 
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flame.— The infl 
= to is the wax of tallow. Th 


ances burn 1n 
rbon dioxide 


TEACHING IN PRACTICE 


Experiment SiO 
show how distilled 
Water can be aerated 
Take a funnel pres 
vided with a rim, Tie 
a piece of string round 
the rm. Tie another 
piece of string in two 
places on opposite 
sides of the rim, ‘so 
that the funnel can 
be hung up. Line the 
funnel with filter 
paper. Hang this up 
so that it is about a 
yard away over the 
mouth of a beaker. 
Pour distilled water 
into the funnel and 
ô allow it to drip into 

the beaker, Fig. 57. 

The narrower the out- 

let from the funnel the 

more slowly will the 

water drip and collect 
yatd in the vessel below. 
Now taste some of 
this water and com- 
pare it with some of 
the distilled water 
from which you took 
it You will notice 
that it is not so flat, 
and more pleasant to 
taste, Each drop as 
it went through 
the air took with it 
some of the air. The 
water has become 


aerated. 


LESSON 9 


EMENT 
APPARATUS 


aterial in à 
ese consist 
ydrogen. Both these 


and on. 


ammable m: 


4 carbon and h 
à in alr, 


see outside the lun 


candle is lit 
the candle : 
ue Vapour a A 
comes lumi W. 
the flame A 


paper and depr 
flame to the level 
for about a second. 


yellowish brown 
and out at the 
of the flame. Let th 
time. Then put a light 
of the tube which is a 
The vapour will also 
These two expe 
things :— 


from the 

It contains W 
and the pr 
burning of the V 


Now examine the 
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of no combustion. 


It) The dark inner zone i 
a Tue middle. zone of partial combustion. 
The outer Zone of complete combustion. 
This is coloured yellow by the solid particles 
f [tis the sodium in the 


of salt in the flame. 
s the colour. The heat of 


salt which cause: - t 
the outer zone makes the solid salt particles 


hot and luminous. 

Experiment 4—Now repeat Experiment T. 
You will see the clear inner ring, the ring of 
soot surrounding it and a scorched ring out- 
side this, where, if you continue to hold the 
. paper in the flame, it will begin to burn. 
The centre is the coolest part of the flame, 
the outside the hottest. 

The kind of flame in a lamp and in an 
ordinary gas flame is similar to the flame 
of a candle. In the lamp the illuminant is 
= oil already in the liquid form, and not so 

much heat is used in changing this into the 
form. of vapour, whilst gas is already in the 
. form of vapour. 

Y Experiment 5.—Now examine your Bunsen 
iun ee m ve a me it. The 
Partly close the holes Eme pese 
ME i os What nobpens? The 
flame becomes partly lumino Po Ts 
holes completely. The flame Eus inae 
luminous still, an s 
SUME By es oo ae flame of a 
Ie town into this fee e of white paper 
of soot deposited as you Ya can see a ring 
flame. The introduction of Ene candle 
holes at the bottom of the t through the 
about complete comb s burner brings 
greater heat in the dime. SOR and causes 
flame in a gas oven uid Bo EU CI 
EUR of the stove. Tie flne gens on 
mbles th. seen . 

e flame of a Bunsen E 


clean and th 

: he space 
busti hame is quite open, 
ustion of all the E at, complete com. 


b i s. 

Beni eable fumes. ere will also 
of the flame i 6.—To show that th 

k S coolest. Place a tdt a centre 

ch across 


TEACHIN 


Ir or gas. 
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G IN PRACTICE 


flame near i 
nt can also end i: ^ 
e ins to burn at the ue is 
that the middle part NEUSS 
This shows that the er 
the coolest. It consists of 


Marcusrick BURNS IN THE 
ren Zone OF A BUNSEN 
pur NOT IN THE 
CENTRAL PART 


hic 
wiy 
cr 


i 8 


the 


7.—Draw 


wh the flame until it is in the 
match does not take fire. Draw 


a 


match very 


towards the outer part and 


it ignites. 
dle. 


flame. 


and round it a 


This part is hotter 


Hold a piece of a wire 
Notice in the middle a 
red hot ring, 


D 


n 
The inner portion is not hot enough 
ke the gauze red hot, the outer part 
LESSON 10 
Incandescente. -You learned in the p 
that solid particles In the flame Ot 
ke the flame ]umin- 


cora & 


is flame make 


introducing finely 
the flame lumino 
Now in ho 


when heated, be 
not itself burn. 
of the flame, and 
of gas we get a bei 


the pictures are show 
of the oxyhydrog 


heated it i 
it is not luminous. 
away. A non-lum 
it is made lumino 
is incandescent 1n 


heat the asbestos, 
and while incana 


* 
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more easily. The modern S 
structed that the fumes pro 
are carried quickly away, 
Jess smell than when cooking in an ordin 


fire oven. ; 

Heating by means of hot water pipes SUP” 
plied from a boiler heated by one fire only 
has been considered earlier in the course. 


- This is an extremely economical and labour 


saving method of heating. It has the dis- 
advantage of making the air rather dry. 
This difficulty can be overcome by having 
a bowl of water in the room, near the 
radiator. This water evaporates and keeps 
the air sufficiently moist. It has the dis- 
advantage of not looking so cheerful or 
inviting as a coal fire or a gas fire, but it 


does warm the room more evenly than any 


other method. 

In these days people are beginning to 
make greater use of electricity for lighting, 
cooking (Fig. 64) and warming purposes. 


Fic. 64. 
Execrric COOKER 


e "x | ped and lighting by elec- 
i . : etter than any other way. 
: rs that is, nothing is 

7" burning results in the usin 
ind the giving out of Boxe 
'ricity, which does not do this 
t to use. The burning of 
` burner uses up more air 

i lor two people in a room 
that in the evening, when 

' at home, the adequate 
room becomes more diffi- 

is the cleanest source of 

no dust or soot is caused 

|! consequently less labour 
leaning, and upon renewals 
ete, It is dearer to use, but 
ise is compensated for in 


LESSON 11 
s and alkalis. 


Ape r 
:.— Dip a clean glass rod into 
ning sulphuric acid and then 
| on a piece of litmus paper. 
| dry after washing it under a 
this, dipping the rod in turn 
loric acid, nitric acid, acetic acid, 
rhubarb juice and vinegar. 
in every case the blue litmus 
ened pink. From these expert. 
ien that all acids turn blue litmus 
r in doubt whether a 
à or not, place a little of it on 
You can make blue litmus 
me by using vinegar in which 
has been pickled. Take some 
add soda to it and stir 
but blue. Paper 
blue in colour, 
given liquid 


The action of acids on 


; are eve 


paper 
« 
e vinegar, 
| is not red 


liquid will be 


Irqux 


hus 


be used to decide if a 


] or not. Another property of E 
-h vou are all familiar is their $9 
Think ol mon juice, not 


Think of vinegar, le 
oranges, rhubar' 


te ripe 


june 
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b juice, goose- - 


Washing soda, which 
1n à porcelain dish, an 


Experiment 3—Pla 
acid on some scra 
evaporating dish. 
and a gas is given off, 
water you have lea 
produced when an 

Experiment 4.—P. 
evaporating dish. Add 
carbonate solution. 
by dissolving was 
each drop has been; 
little on a piece of 
rod under the tap | 
the solution. After 
on the blue litmus j 
litmus paper red 
that acids:— 

I. Have a sour t 

2. Turn blue litmus 

3. Cause efferves 

4. Give off hydro, 

put in them. 

5. Lose their acidity 
ate is added to 
If you now taste the 
it is no longer sour. 


Alkalis—The foll 
common alkalis:—ca 
solution, caustic po 
lime water. Pour a 
substances into & 8 
so that the solution is 

Experiment rL—D 
olution an! st 
ot the rod. Do not drink 
it has what we call a caust 

Experiment 2—~ 


TA 


;).—Take a small 
paper. 
lime. At 


0 seo how much water 
; , of lime, 
EUM the air. 
D “more aay water drop 
thal is free wat 

"ding more of it. Dive 


can absorb 
na of water, 
Eo dioxide à Blass tube over 
AE Ld prepared by 

e Eu re 


an evaporating dish. 


be absorbed. 
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i i ble. 

e action of hydrochloric acid on mart 
ae the tube is full of carbon dioxide, 
to air break off about I in. of caustic soda and 
i the water to the of 


takes the 
hich it has absorbed. This 


can also be done with caustic potash. From 
this we learn that alkalis absorb carbonic 
acid gas. 

Experiment g—Action of an acid on an 
alkali. Place some caustic soda solution in 
Add hydrochloric acid 
drop by drop until blue litmus paper is no 
longer blue, but faintly pink, that is until 
itis just acid. Heat the evaporating dish 
over a sand tray until all the liquid is driven 
of. You will see a white substance in the 
dish. Carefully dry the white substance and 
taste it. It tastes salty. You have made 
common salt. Dissolve some of this salt in 
water, and put in it some blue and pink 
litmus paper. The papers do not chan > i 
colour. Salt is neither an acid nor an alk: i. 
en cake us neutralised the ATARE par 

ice a salt. It is impo 3 : 
pls because i E d ope per 
1as been taken by mistake it ca i 
ded ET n be neutra- 
EE es to oeste it a 
an alkaline substance has apie 7 5 
be neutralised by an acid The taken it can 
forma harmless salt. e combination 


LESSON 12 


You are famili 
a amiliar wi 
1s useful in W A with the fact t 
pru Up. Dishes E at soda 
king, ich have 


food has b or pl 
a - 

of grease eae have s de on which 

em. This cannot mw amount 

removed 


23 ? ! ~ 7 E T US 
4 TEACHING IN PRACTICE 
wit Iw ater If hot water is used, the Fi ‘ 
ted and with the hot water is t 5 SEA 
the drain des the sink, This eS NO 
the sink 1 5 
removed T and this of crystallisation 
^, it unites with part of the 
ip. All grease consists of 
fatty acid. When butter or 
kept too long it begins to 
plits partly into glycerine 
id. The unpleasant smell 
is due to the acid called 
ich it contains. Meat fat 
tun an acid constituent as 
ed in washing up splits the 
two substances and unites 
portion to form soap. The 
in water and along with 
rt present is removed from the 
other alkali would serve 
rpose, but washing soda is the : 
; and therefore the best for | 
«ses. Clothes which have been oe. 
the body are soiled with per- Experiment 
oily substances given off by soda me te 
. in the skin. Soda used in dilute acid. N 
m also combines with the acid giving e ae 
nd in them, forms soap which pour a little lime 
ived in the water and thus the shake it. um 
Mire is the wr 8 st 
aki not be used in washing “MEY, : ervesoonc 
it makes the wool hard and yellow. Cr enl 3.—P 
sid it be used in washing coloured e a small 
il Lin mite lu- soda. Take 
Water containing alkali in so n which an oil. 
ex colours more rapidly than pure oa it in the soda § 
rhe soda used in washing wig Pow minutes. The à 
«ends to make them yellow. Ee Fig. 66. It has been | 
-— careful rinsing in peng which has dissolved in 
nd blue 1$ added to the le EU Experiment io 8 ; 
counteract the action of the place a Dre od 
t iteness. ; hot water OB m 
estore hes washing soda. Notice that a little while, Th 
E «af ne | of crystals. What ap to notice 4 yell * 
- ^ : when you leave it expose touching ue 
s E of an 2 k —D: 
ait , Heat a small RUE. Experiment 
speriment $7 small tube. No sean vau E 
was pu. off in the form E 


Fia. 66. 


A. Greasy Rao iN nor WASHING SOLUTION 
Th, RAG, CLEAN APTER TREATMENT 


Pia, 67. 
MANDKERCHIRK SHOWING WASHING Sopa 
MARKS 


solution, The red litmus turns blue. Soa 

t ; P 

4 "red the union of an alkali with a 
Experiment 6.—Boil some water i 

4 . E a m a 

n and into it put some tallow or other 

- When the fat has melted add some 

caustic paeh to the water, The fat dis- 

vi Fig e" iquid has become slightly 

Speriment 7.—Heat some water in a 


put into it some tallow, 


has melt i 
Water a little caustic ad Nue te 


usti The fat dis. 
appears, and the liquid now becomes milky 


- 
H 
va 


Milky liquid 


A Fic. 68. : 
FAT AND CAUSTIC Porasu FORMING SOM 
8 and 9.—Repeat the two 
live oil to put 
You will 


Experiments : 
previous experiments using o : 
in the water instead of tallow. 
obtain similar results. 

Experiment 10.—Make a strong solution 
of caustic soda in a beaker, and in it place 
any oil or fat. Heat this on a sand bath 
Soon you will see a white granular mass on 
the surface. Pour this off and allow it to 
cool. Underneath, the liquid left will con 
tain the glycerine which was in combination 
with the acid in the fat. When the substance 
you poured off is cool, put a little on your 
hands, add water and rub. You will see that 
you have made soap. All soap is made by 
boiling fat with caustic soda or causti 
potash, It is boiled in large tanks, the 
granular material is separated, heated again 
and then run off and allowed to set. Beef 
and mutton tallow and olive oil make t! 
best hard soaps. Cheap oils, such as paln 
oil, coconut oil and cotton seed oil are also 
used for soap making. Hard soap is made 
by boiling the fat with caustic soda. Soft 
soap is made by boiling the fat with ca) 
potash. The cleansing power of soap is 
to the alkali it contains. This alkali i 
liberated when the Soap is added to water 


Some Soaps also contain free or uncombined 
alkali. This also hel ses. 


, 
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LESSON 13 


Air and its 
| chemical properties Lae id 
eeded for burnin vini) NE do the vae 
Exte E a take place, b. of the 
n : -—1ake a candl pues 
| n : d 1 e and S d * 
i 3 s allow dish containing a little T a s Hi j the 
Ae: k E and place over it a wide- ee 
INCC a ud 4 i 
mel c ig. 69. The candle burns for d : insert li 
ape e, ut soon goes out because it wp us 
d ped Ros supply of air. The sides not all 
bottle »'come misty. Water has been see th: tai 
| during the candle's burning. E 


Fic. 69. 


Frase GoiNG Out WITH- 
OUT AIR 


rimeni 2.—Quickly pour. some lime 
in the jar and shake it. The lime 
turns milky. This is because the 
» of the candle produces a gas which 

We call this gas 


; large glass troug 


oat a dry crucible lid. 
horus on the crucible lid. Use tongs to do 1. A gas which 4 i 


this or the end of a knife, but do not touch ZA gas which d 
Cover the crucible f About o 

ntaining the phos] with an un- 
stoppered bell jar, Fig. 70A. 2 
of glass or metal rod, and pis 3 throug! 
the mouth of the bell Jar and tou 
phe ¿phorus with it. Withdraw the rod and 


ot in the stopper. The p 1 
and the jar is filled with dense white fumes. 


Leave the Jar over the water 


5 


Ava 
 s—Anmother e iment to 
"iris needed for burning. Take 
m or evaporating dishes. 
"small piece of charcoal, about 
Cover one with sand, and 
a sed, Place on a sand 
ongly. The charcoal in the 
lly gets less, until at last 
all quantity of white ash. 
[ its of the other crucible. 
is unaltered although it has 
ong as the exposed charcoal. 
osed to air. The second was 
for burning to take place. 
To show the effect of 
Take a small flask fitted 
a short piece of bent tubing. 
ne water in the test tube. 
flask and leave it exposed 

the room. Breathe down the 
the first jar and notice 
ugh the lime water. The 
ky. The air we breathe 
of carbon dioxide. In the 
'à few hours you can notice 
of the lime water. Air in 
à small amount of carbon 
breathed out contains a 


ed now about air that 
nitrogen, and carbon 
contains a certain 
Br B fires and all 
hing oil, all increase 
oxide in the air. Yos 
rnt in your nature study 
ts are able to take 
; and use it for 


i carbon 
Purer. The circulation 
purer air to be brought 


EN importance of having 
^ plenty of open 
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E 
LESSON 14 


Oxygen and its properties. 


Experiment 1.—Take a small test tu 


in it place a little potassium chlorate 
» 3 


the test tube with a holder and he 


lower part of it in a Bunsen flam 


potassium chlorate melts. After a lit 
hold a smouldering splinter ot w 
test tube. It immediately becomes 


lighted. A gas is given ofi which suy 


combustion. This gas is oxygen. 


Experiment 2.—For demonstration 


poses. Fit a flask with a well-fittin 


and a delivery tube. Place : 
powdered potassium chlorat: 

oxide of manganese in the flask, and 
the flask on a retort stand, so tl 


delivery tube dips into a trough full of wat 


under a beehive shelf. 
with water, cover with a glass 


invert it over the beehive trough. 


Fic. 71. c 


* APPARA 
TUS FOR 
flask contain: PREPARING OxvcEx 


al 
nd manganese dioxide.) 
F Ware 
ATER. 
ITH Grass PLATES 
s, 


Fill a collect 
pl it 


Fy 


LL 


The 


Tate 


, 


128 


ready four other jars filled with wate 
diro. r anc 
EMI 
nder the flask. Notice 
" of gas passing through the water 
the jar, Fig. 71. When the jar is empty 
vater, replace it by another jar. First put 
ised glass plate on the jar that is under 
Put the jar on one side for further 
nents. Collect five jars in a similar 
You will see that the gas is colour- 
|! invisible. Remove the plate from 
nd smell the contents. The gas has 
Oxygen is a clear, invisible gas 
t smell. It must be lighter than water 
t passes through it and gets to the top 
wrs. It is insoluble, or only very 
oluble in water. 
seriment 3.—Heat a piece of charcoal 
Bunsen flame until it glows. Then 
it from the flame. It ceases to glow. 
| the flame again and, when glowing, 
t into a jar of the oxygen collected. 
y burns very brilliantly. 
riment 4.—Place a small piece of 
in a deflagrating spoon and 
spoon into à jar of oxygen. 
phosphorus burns brilliantly 1n ibe 
ind fills the jar with dense white 


horus 
the 
»criment 5.—Heat a little sulphur in a 


spoon and plunge it into a jar 


rating 0 i 
Notice the increased brilliancy 


xvgen 
flame. ; 
Experiment 6.—Light the end of à E 
sagnesium ribbon and plunge it nto 
jar Notice the brilliant 


of oxygen. 
you that sub- 
n more bril- 
show that 


These experiments show 

burn in alr bur: 
They also 

self burn. 


the jar i 
(ex : burnt intro- 


of blue litmus 
The blue litmus paper 


litmus paper rec 
pres sulphur and 


tances which 
ntly in oxygen. 

‘ xvgen does not it 
Experiment 7- 

phosphorus an 


' E E 
duce à little water 


sulphur Were 
and a piece 


so the 
phosphorus 
nature. 


TEACHING IN PRACTICE FORET 


learned that oxygen i 
which does not burn, 
tion. It has no smell 


that air is a mixture of 
one-fifth oxygen, nearly r 
and a small amount of 
.04 parts in 100. 31 

You also know that 
support life, that 
dilutes the oxygen, and 
isaharmfulgas. Every 
and gives out carbon 
that is, they ini 


polluted. Em. 
Out of doors the oram 


the air take away L 
air to be brought to us: 
us to have fresh air brou 
that is we ™ 

time we open 2 
enter à room, ? 


⁄ 
/ 
/ 
7 
/ 
[/ 
Y 
f 
Y 


te 
Arr Currents 


That is, the warm air 
pass out at the top of 


t the taper again, and 
e bottom of the door 
the air blows the 
Hold your hand in 
you will notice that 


Is cold air is also 


Ventilate a room, we 

(1) an inlet of 
` impure air, What 
our living room and 
window is opened 
ere does 


can iter at the bottom - 


Must be open. If it is 


OPEN Sasu WiNDOWs, Sow?! 
INLETS AND OUTLET 


fresh air enter? Where does 
escape? (Figs. 73 and 74.) 

Itis most important that bedroom: 
be ventilated. You Spend more time i 
bedroom than anywhere else and all the 
time you are breathing and making the ai 
impure. The bedroom window should alway 
be open a little both at the top and bottom 
The drawn blind or curtain will prever 
direct draught upon the bed. 


Even if People are ill in bed, the win 


your 


at a 


low 
necessary to warm 
the room there can be 


; a small fire, but 
fresh air must be freely admitted to the 
room. 


An ordinary fire helps in the ventilation 
of a room. Warm air rises, passes into the 
chimney and fresh ai 


T -enters to take its 


330 


have all noticed a da 
mar returned home 
the house has z 
more. , been shut 


In large buildings 


F1G. 74- 


su WINDOWS, W! 
py PIECE OF Woop TO 
DRAUGHT 


ITH LOWER INLET 
ELIMINATE 


Fig. 75- Sometimes in houses ven- 
. are fitted which communicate wit 
and carry bad air away. 
ı do not ventilate a room properly, @ 
mney may inlet for fresh 
.and you have ing the room. 
do to stop 2 chimney smoking 
e window an 
ter by this means. 
our class room you have inlet 
e about 5 ft. from the 


One thing to 
to open th 
fresh air to en 
Perhaps in y 
These at 


SHOWING 


CURRENTS — 


FIREPLACE, 


ventilators. 


Ni 


A aum 2 ag 
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the sides of the tube are covered with vapour. 


4 ive t. 
a ur is given o 
ime no more vapo 
After a time 


irst turns 
1 i o heat the potato. It firs t — 
absolutely necessary Tor Ed later black. Put the blac peus : 
‘of life. In that particular, ae on white paper. It makes a uS 
; are alike. sd ane on the paper. It is p. — 
mo A" d ‘ifferent. a form of carbon. Now contir d 
B cei substances The charcoal Vcg P E gae 
No ; is left. 
Es do D pei A of iter to the ash. You 
di lex substances a small amoun op th anaes 
to build Be Animals cannot have now learned that a | pipe: 
food ready made for water, carbon, a portion of w cal 
|] f animals comes burned, and ash which cannot » mue 
Bs lants. Many This is mineral matter. If you hav don 
y D E some feed on your experiment carefully you s zh ee j i 
* as their food animals noticed something else. When you h oe 
‘on vegetable material. strongly, it gave off a pungent smell w 
lants there could be no resembled the smell of pano. Amn 
E contains nitrogen, therefore, l the | 
us in several ways. In contains hydrogen and oxygen in th 
the material by means carbon, nitrogen, and mineral matter. 
we live and move Experiment 2.—Now take the rest of t 
es away, and all this potato and weigh it. Heat it in an evap 7 
paired by food we eat. ating dish over a sand bath until all the 
rk needs energy. Even water has been driven off. You will need 
parts of our bodies to weigh the potato at intervals of five 


is needed for this. minutes, When after two weighings you find 
comes from our food. — the weight constant, you will know that all 
‘maintained at a con- — the water has been driven off. 

. This heat is produced probably be ver 


low combustion in our of water the potato contained. The 
taken in as food dried potato should weigh about one-fifth 
w in of the original weight. This shows that 


a potato contains about 80 per cent of 
water, 


You will 
y surprised at the amount 


€ potato more strongly until 
i ash. The difference between 
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: " eriment 3.—To show that some foods 
appear to be quite dry contain water 
st parate test tubes (1) a few grains 

!) a little flour; (3) a dried pea; 

* bean, Steam will appear on the 

the test tube in every case, Con- 
eating Each chars, the charcoal 
irns away and ash is left, and in 
during burning there is a smell 

foods which contain a large 

water. Onions, all green vege- 
cy fruits contain a large pro- 
ter, Meat contains these sub- 


4--Heat a small quantity of 


cst tube. Water is given off. It 
charred material burns, and a 
tity of ash is left. 


LESSON 2 


‘arch and its presence in foods. 
i—Take a small piece of 
tarch, With a glass stirring rod, 
p of iodine solution on it. 
\ blue colour is produced. This 
a test to discover the presence of 
. jodine always turns blue when 
starch. 


4 2 


eni 2.—Crush a little starch to 
and place it in a test tube. Shake 
Ihe starch does not dissolve in cold 
If left for a time the starch powder 
t the bottom of the test tube. 

»criment 3.—To a little crushed sar 
cold water and boil. The starc 

; the boiling water and 
appears turbid, but 
t than the original 
he outer covering 


me 
tially dissolves ir 
; a sticky paste. It 
more transparen 
xture. Boiling bursts t 
{ the starch grains. 


(tle 
jn Ux 


Fxberiment 4.— nd 
?. x s tis Es in water and E 2 z a 
“Aine solution to it—a px tha 

’ i to 1 
- be DO ia tit cool. The blue 


15 A T: 
blue colour disappears- * 
r reappears. Stare 


colou 


TEACHING IN PRACTI 


all quantity 


Experiment 5. 
Starch in a test tube | 
Small quantity of hydrochlori 
little iodine solution (one 
blue colour indicating 
Heat the test tube for a 
it to cool. If the blue colo 
again. Then cool. Contin 
the blue colour does not 1 
Now taste the mixture 
Boiling with the acid has 
into a kind of sugar called ¢ 

Thus we see that starch 
into a form of sugar. Sta 
soluble, but sugar produced 
Glucose obtained by boili 
sulphuric acid is lar, 
facture of jam and s 
various kinds of confe 
than ordinary sug: 

Experiment 6.—Place 
tion with a stir To 
portion of flour. This 
Flour contains starch 

Experiment 7.—Heat 
and notice a similar ch 
took place on heal 

These experiments 
small portions of 
tapioca. All contain 

Experiment 8.—PÀ 
slice of carrot, a sli 
a butter bean, à 


kept in 

remove the green 

jodine. A blue co 

From all the ai 

ch is a very com" 

star E "io fo 
) jems 


s of wheat starch are round 
s of potato starch are ellip- 
ins of rice starch are 


and à 
very small, Fig. 76. 


‘its presence in food.—Most of 
se in daily life is obtained 
ugar cane and sugar beet, but it 
it in very many other things. In 
arge quantities of sugar are obtained 
maple. The sap of some palm 
. The stalks of the Indian 
also contain sugar. In 
maize called sugar corn the 
are sweet owing to the presence 
Sugars are sweet. This sweet- 
hem a pleasant addition to 
t also is useful to help things 
jar in jam keeps the fruit whole- 

Lu A little sugar is used 
the presence of sugar, Fehling's 
used, All sugars are soluble n 


t—Take a little cane su 
- gar 
water, Add to this a little 
and boil, A brick red 
This indicates the pres- 


za ur Add B little 
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i g lemon 
—To a little orange or 
solution, and boil. A 
d which is more 


Experiment 3.—* 
juice add F une 
i our JEE 
usd 38 orange than in lemon me 
Oranges and lemons contain sugar. he 
is more sugar in oranges than in lemons. P 
Experiment 4—Boil a small portion : 
apple in water, or a few gooseberries, ee 
filter the liquid. Add Fehling's solution ani 
boil. These also show the presence of sugar 
Experiment 5—Take a small portion of 
honey. Dissolve it in hot water and test 
with Fehling’s solution. í 


The presence otf 


sugar is shown. 


Experiment 6.—Take a slice of beetroot 
and boil it in water. Filter the liquid. Add 
Fehling’s solution and boil again. Repeat 
this with a slice of carrot. 

We have thus discovered that many kinds 
of food contain sugar and you can think of 
many others. 

Now we will repeat part of the last lesson 
Take a little laundry starch and powder it 
Add. water, and boil it with weak sulphuric 
acid. When all trace of starch has gone 
(shown on the absence of colour change when 
iodine is added), place a little Fehling's 
solution in the tube, and boil. A brick red 
colour is produced. This experiment shows 
that starch can be converted into sugar. 

Experiment 7—Grind up finely a little 
starch, Add cold water to it. To this add 
a small quantity of malt extract. Leave it 
for half an hour in a warm place Take E 
little of it and add iodine. No blue « 
is produced. To the rest add Fehling's solu 
tion and boil. It turns brick red. Sr f 


Dow present. Something i z 
turns starch into su S This eub 
a ferment called diast isi 

ase. This is the 
Why malt extract is dem 


t 
o blue colour 


Sugar is 
| extract 
gar. This substance 


is 


Sugar. 
tarch in seeds Thi 

: S. This 
Seedling, Starch is i 


be carried 
ing parts of the young plant, ph 


grow- 
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tase Then the soluble sugar can be 
ned to the growing parts where it is 
Iso contains sugar. 
"ent 5.—Add a little Fehling's solu- 
mall portion of milk, and boil, 
nce of sugar is indicated. The par- 
n of sugar in milk, called lactose, 
ly digested. It is not so sweet 
Milk sugar is separated from 
used for sweetening babies’ 


a large amount of carbon. 
Dissolve some sugar in 

that the solution is saturated, 
water has dissolved as much 
contain, Now pour into the 
containing it some concentrated 
Immediately the solution 

nd begins to froth up over the 
beaker. The acid has taken the 
{ the sugar, and left the carbon 
« cooled, this can be washed 
ind filtered. It will be found 
black grains of charcoal, Fig. 77. 
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LESSON 4 


=> = 


is 
nitrogenous foods, e 4 


starches, sugars 


G IN PRACTICE FORA 


tains hydrogen 


are burned by a rocess 
in the body ad this results 
of heat, and they 
makes us able to do work, 
Fats and oils contain 
material which can be b 
foods are specially valuable i; 
for producing bodily heat. | 
countries inhabited by 
use a large amount of fat 
enjoy it. In warmer count 
eat so much fat, but req 
Jams, because of the sug 
are very valuable as 
producers. 
Foods which contain 
proteids. These are absolu 
building up the body and fo 
They are found in both. 
These, like the non-nitro 
tain carbon, hydrogen, o 
nitrogen. ; 
Experiment 1. Examine. 
It is a thin, glassy liquid s 
water. Shake a little up in 
a little nitric acid d mo 
brown colour is produc 
the presence of proteid i 


stituents of water. 
The albumen chars or pon 
of ammonia. ges ise it 
nitrogen. Cooked al PS 
water. No food which E s 
into the blood, but ur cha 
e Pi i Since raw egg } 
jt can . se 
M more readily b 
We say that it 1s mo 
BT CS 
E Uo bovril or any meat 
T did to it a little nitric. 


—-  poMESTIC 
xt, A yellowish brown colour 
Phis shows that meat juice 
seid material When you 
ook meat, you have probably 
|, white substance is formed on 
ide, Heat causes the albumen which 
e juice of meat to coagulate. The 
he meat also contains a nitro- 


know that milk contains sugar, 
and fat or butter. It contains 
food material as well. Add 
to milk and shake it. The 
curdle. Separate some of the 
from the rest and do the fol- 
its with it. 

—Heat a little in a test 
and gives off a smell of 


ii 5.—To a little of the curd add 
monia. A yellowish brown 
d. This shows the presence 


| material in milk is called 
manufacture of cheese, milk 
by adding rennet to it. 
floats in a clear liquid called whey. 
hey is run. off. The curds are pressed 

all liquid, salt and other flavour- 
added, and the new cheese 


1 cheese is a very concentra 
ted 
denis pe amount of 
M terial, if made from un- 
nilk is also rich. in fat. If extra 
it is still d in fat. 
considered foods which ar 
i the animal world. One of 
contains everything needed to 
l And the human baby 
Eggs contain all that 


E the young chick 


ee said side the egg, 
feed the and white, T E 
- chick and pro- 

ers and all else 


1, SISO 


Concentrated food, 


SCIENCE 335 


i nous foods are : 
E o kingdom. The two which oe 
most used are legumen, obtained from peas, 
beans and lentils, that is, from all seeds which 
have been contained in pods; and gluten, 
which is present in another common food, 
wheat flour. You have already seen that 
flour contains a great amount of starch, and 
in order to show gluten in flour we must 
get rid of the starch. 

Experiment 6.—Tie 
a muslin bag. Hang it under the 
tap, and let water trickle through it. This 
will wash out the starch. Continue to do 
this until the water which comés through is 
clear. All the starch will then have come 
away. Open the bag. Inside you will find 
a creamy coloured, sticky mass. This is gluten 
This gluten helps to bind the flour together 
when making bread. People who sutler from 
diabetes eat gluten bread, from which the 
starch has been taken away. 

Experiment 7.—To a little of this, in a 
test tube containing a little water, add nitri 
acid and ammonia, and boil. The yellowish 
To colour showing the presence of pro 
ei matter will soon appear. Test small 
portions of soaked beans, peas and lentil 
in the same way. ‘ de — 

You will see 
we use contain iue. esta foods 

A M» ^ » 
NE m Mee us heat wc ia. 

à work. In a subse x - 
vil : quent lesson we 

1 consider how these can best be arranged 


So as to give u 
an ee s the best value for the food 


also obtained from 


a little flour loosely in 
cold water 


LESSON 5 


Food (contin 
genous and non 
foods also conta: 


, p st to t and 
the leasante. ak E 
digested, 1s butter : : 


Substitutes do nof 
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Fx WM (€ h » 
bu ads p rate butter, and not 
who have finished growing 1 te P aeui 
resh fruits and fresh § 1t Is not essential, 
vitamins and are duis DN 
foods. Tomatoes ide ev TN 
. : and oranges are 
vitamins, 
ontuns vitamins in the outer layers 
rain. Unfortunately, tice is often 
make it look more attractive, 
ome of the outer layers of the 
removed, and the vitamins with 
cons are fed upon polished rice 
from a disease called beri-beri. 
ver if given unpolished rice con- 
vitamins needed. 
order to develop properly and 
hy, a person must have proteid 
, non-nitrogenous food material 
It is not very easy to take a 
loes not contain both nitrogenous 
trogenous material. Some foods 
ine kind, others in the other kind 
terial. 
tain a large proportion of proteid 
but they contain non-nitrogenous 
well. The white is.the nitro- 
terial albumen, and the yolk 
me nitrogenous material and a 
int of oil or non-nitrogenous 
rial " 
made from wheat flour contains 
rogenous material and a large 
f starch. If a person tried to live 
he would need to take an 
amount of starch to get the 
amount of nitrogenous nc 
f the starch could not be used in the 
2 would merely be wasted. All meat 
na bai F tian at proteid food 
s a greater prope If one tried 
itrogenous food. $ 
ni far too much proteid 
n in order to get the 
-giving material. 


} 


i alone, 


f non- 

ve on meat alone, 

sterial would be take 

eguisite amount of heat s 

S i h a diet would be extravagant. A 

1 "a meal of bread and meat, or 5 xt 
re ne food speck y 


and meat, we take AE another specially 


f rotcid material, heat-giving 


i or 
rich in non-nitrogenous 
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the same reason we coo 


$ palatable it is ea 


vegetables or a salad, we 
meal containing nitrogenoy 
genous food, and vitamins, This e 
Is More economical, for the | 
make use of and digest the gre 
of it, and has to get rid o 
Consider the practice of co 
bacon with rabbit. 

little fat itself and co 
heat-giving material Th 
balanced by the extra fat 


and serve forcemeat conta 
amount of fat. Fish, with th 
salmon, herrings and sardin 
preserved in oil, are very 
White sauce containing bu 
up for this defect, and 
extra fat is obtained in 
potatoes are eaten, extra | 
Common customs had m 
things like this long 
know that any useful pi 


meal and, provided th 
cheese, is a very sa 
make it our usual practit 
a meal in which there is a 
of nitrogenous ma 

take at other meals. It 
take meat more than 
balanced diet can be 
meat once a day, and } 
eggs, milk, bread, cheese, 
tables and fruit. > 


king and digestion € 
many reasons why 
first place cookec | 
raw J 
palatable than ten with gre 


a bene! ; 
This makes it more ^. han 
is enjoyed is far wae 
Sa 


, , hard foods are 
Vines which take 


çe it more easily digested, and 


which is easily digested which 


we cook, we use heat to 
t the desired result. Sometimes 
heat as in roasting, baking and 
imes moist heat as in boiling 
. The method of cooking varies 
the material we have tọ cook. 
tender joints of meat are good 
meat hardens on the outside, 
albumen is coagulated, forms 
which keeps in the juices of the 
inside is kept moist. Harder 
it, and rougher pieces, are not 
They need prolonged cooking 
ng or steaming. This pro- 
g makes them tender, and they 
valuable from a nutritive point 
more expensive joints. 
ng joints, much of the nutriment 
pint passes into the water and 
ishing gravy. When cooked. 
the flavour is improved and 
è meal results. Joints like 
ellent steamed. The extra 
change the water into steam, 
Es Imt im making 
oughest joints. If only a small 
Water is used in ees 
Sufficient material dissolved 
to make it a very valuable 
t re brisket is pressed 
= salad, it forms an 


d in water, much of the v. 
iy alu- 
lost in the water, which 
pre most people: If only a 
to add 1s used, the water 
' to the stock used in 


Eo eret tho walus 
egetab the flavour i 
peel icd ad skins, AG 
3 possi ble, other- 
of good food material, 
l US or pro- 
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und in the layers 
n, and if they are 
. It is better still 


to boil them in their skins, and skin them 
before taking them t 

Some of the vitamin: > 
in cooking. That is why 4 good diet 
always contain à certain amount of raw 
vegetable or salad, and raw ripe fruits 
Cheap fruits like oranges and apples are very 


valuable. Raw orange juice and grape juice 
This 


teid food material is fo 


can be given to quite tiny babies. 
ensures that they have the requisite amount 
of vitamins in their food. The most import- 
ant thing to remember in cooking food is 
that the cooking makes it possible for diges 

tion to take place more readily. 

Most of our foods are insoluble. An in- 
soluble substance cannot enter into the blood 
Digestion is, broadly speaking, the changing 
of insoluble food substance into a soluble 
form. It can then pass ultimately into the 
blood stream and be used by the body for 
growth and other purposes. It is not the 
amount of food we take into our bodies 
which matters so much as the amount our 
bodies can digest and make use of. 

Digestion actually begins in the mouth 
There, two things happen. First the food is 
masticated or broken up into small pieces. 
This makes it possible for every particle of 
food to be mixed with the various juices 
which bring about digestion. Teeth are 
natural mills. The ind di 

hey grind up the food into 

very small portions. A tooth is rat! 
complex structure, Fig. 78, The qui. 
in the mouth is the crown, th S. "n. 
, € narrow part 


called the neck, and 
the jaw is the fang 
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it to decay. This 
may be completely 
Cracking very hi 
enamel. If teeth 
for the 

led 


Eoes on until the tooth 
hollow. 
ard nuts may destroy the 
are decayed they are no 
purpose for which they were 
and consequently cannot help to 
"p the food, and the person with bad 
very liable to suffer from indigestion. 
g the teeth and mouth clean can 
' prevent decay. Teeth should not 
| with any harsh substance which 
the enamel to crack, In time the 


be exposed and you suffer from 


bort — ——-— -p -Nech -p — ¢ 


Fic. 78. 
rion OF A TOOTH 


SHC 


This is a warning that something 
and early attention can pa 
The tooth can be filled an 
so that no further decay 

take place. Not only do bad teeth ee 
‘gestion, in decay they PX 
008 into the mouth. These are swa aet 
n becomes unhealthy in à 
etimes suspected 0 


r decay. 
rack covered 


nd the person 
Bad teeth are som 
heumatism. 


using T 

P i mouth 
i teeth.—The teeth in our 

2 alike. They differ in form and 


: all 
are not nt ELTE d 


have differe 
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The teeth in the 


CE FO 


front of the mouth 
These have a flat edge ; 
Chisel. When the edges 


ones. In this case there is 
(These defects in the early | 
while the teeth are still 
remedied by dental treatm 
defective teeth unpleasant tc 
also dangerous to health, for 
interferes with their work. - 
these are the pointed teeth. 
times called eye teeth. Thes 
tearing. Such teeth are 
in dogs and cats and in 
animals which tear up th 
called canine teeth. At the : 
small grinding teeth ca 
These are useful for gri 
small portions. A baby wher 
set of teeth has only t 
Later, when about seven 
large teeth called molars 
the big grinding teeth, a 
complete there are 


Child's teeth—8 i 


Between the ages of six i 
begins to lose its first, or | 
and begins to get its 5 
teeth. 


There is also another p ^ 


starch into s . If you 
bread, vs E obici con- 
ities of starch, for a long 
“notice that they begin to 
t is because starch in them 
E orais glands in the 
salis ds. They do not 
» saliva until a child's teeth 
r, so a baby should not be 
y food until it has several 
eannot digest starch. 
like potatoes and bread are 
e not mixed with the saliva. 
e, it is important to masti- 


ghly masticated and mixed 
a, it is swallowed and enters 

pipe. This leads from the 
ith to the stomach, Fig. 79. 


Gullet 


Fio. 79. 


let it has to pass over the 
Jeads to the lungs. A little 
and prevents food 


"maler Into the stomach, 


d send the food a e 


structures ater Wall is slimy 
ES underneath, Then 
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aining many muscles. 
y contracting and food 
d to the other and back 
at containing à 


comes a coat cont 
These are continuall 
is passed from one en 
again. Then there is a co 
network of very fine blood ve que 
the very inside a coat which has many smal 
glands. The end of the stomach away from 
the gullet becomes narrow and leads on to 
the intestines. When food is being digest 

in the stomach, this narrow end becomes 


ssels, and m 


contracted and food cannot enter the intes 

i 
tines. As soon as food enters the stomach 
the glands in its walls begin to pour out à 


juice called gastric juice. This is slightly acid 
in character. By far the greater part of it 
is water, but it also contains an important 
substance cálled pepsin. This changes pro 
teids or nitrogenous foods into soluble sub 
stances called peptones. You can see the 
action of pepsin outside the body. Pepsin 
tablets can be bought at the chemist's. 
Experiment 1.—Take a little very finely 
shredded cooked lean meat. Put it in a 
beaker with water, a little dilute hydrochloric 
acid and a broken up pepsin tablet. Put it 
in a moderately warm place so that it is 
kept at the temperature of the body, 98 
Fahrenheit. Examine it from time to time 
After about two hours the pieces will gradu- 
ally get small, and finally be dissolved. 
EH MR reet this with a little 
cheese. The E Hine * small piece of 
ree cases! & happens in both 
People who cannot 
are often ordered 


Probably the stomach in such a case doe 


nd the added 
Pepsin will 
eak acid. The 


ens | Stomach 
ue Is drunk Slowly 
e curdled at once. The 
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'siric Juice can easily mix with i 

J the proteid in milk. If aie eco 
ed quickly it forms large clots or curds. 
innot then be easily acted upon by the 

ric Juice and it takes longer to digest. 
c bodily heat, the constant movement, 
f astric juice are three aids to diges- 
the stomach. After three to four 
the stomach, digestion as far as 
* concerned ends. At this time 
the stomach consists of digested 
ested nitrogenous food and un- 
its, starch which has escaped the 
the saliva, because it was not 
h divided, and nitrogenous 
which has escaped the action of 
juice. The digested starches and 
proteids are now in solution, and 
ly pass through the walls of the 
nto the blood vessels in those 
hey are capable of passing through 


teni 3.—To show that substances 
ire capable of passing through a 
brane. Take a thistle funnel and 
on it tie a thin piece of 
parchment or pig's bladder. 
Pour down the tube into 

the funnel, water containing 
sugar in solution, coloured 

with a little red ink to make 

it visible. Fix the stem of the 
funnel by a clamp to a retort 
stand, so that P x u a 

ak early full “of water, 

beaker n rir Do: Maritus 

level of the water 
in the beaker, and 
the liquid in the 
funnel. Leave for 
a time and exam: 
ine again. You will 
see (I) the water 
in the beaker 15 
slightly red ; t (2) 
the solution 
in the tunnel 
tube is higher 
than before: 


| Coloured Sugar 
Solution 
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From this we learn 
beaker has E the | 
Something from the funi 

beaker. If you taste the 
it will taste sweet. By 

tion you can prove that. 
through. Substances in sc 
through a thin membrane. 
by what we call osmosis, tha! 
and dissolved proteid can 


Digestion in the inte 
the food is ready to leav 
enter the intestine. It. 
fats, starch which has 
the saliva, and proteids w 
the action of the gastric j 
thing which has happened 
now is that the little pro 
enveloped the globules 
solved. - 


a digestive juice assist 
the food, so in the in 
and three digestive j 
The intestine consists 
tions, the small im 
intestine. It can be reg 
of the stomach, as ai 
altogether this tube is 
The first part is the lot 
recoiled many times, 
the large intestine whi 
tube outside the small 
side, crosses OVeT es À 
side, and passes out toms 
the body. The first pari 
digestion and absorption 
with the elm 


of 


tract, but which Co 
is secreted by the i 


ody, It passes fro 

der. Zi om the li 
where it is stored a 
cates with 


TIC SCIENCE 


34! 


ours its contents 
all intestine when 
juice is made by 
pan- 


the small intestine, and p 
into the first part of the sm 
food enters it. Pancreatic 
the pancreas, and conveyed from the 
creas to the small intestine near to where 
pile is poured in. It is the bile which 1 
concerned with the digestion of fat. Bile is 
strongly alkaline in nature, and, like any 
other alkali, it can unite with an acid. It 
unites with part of the fatty acid in the fats 
and makes a soap. This soap is useful as it 
stimulates the passage of waste matter along 
the intestine, and thus helps in the elimina- 
tion of waste material. The rest of the fat 
is so finely broken up that it forms an emul 
sion, which is so fine that it can pass into 
small absorbing vessels called lacteals in the 
intestinal wall. They are called lacteals be- 
imd the liquid they contain looks like 
The intestinal juice is c: V : 
on all kinds of thoi, s nippe Toriy- 
starch digesting ferment; (2) cont: eyed. 
oe eben ferment ; and (3) can eani 
T e Nr ar A suy 
i iade 
e intestine i up: 

coats to eG of pode Nn TRY similar 
coats. limy. The EEUU The outer 
next contains a good is muscular. The 
blood vessels. The i supply of nerves and 
which make th mnermost contains gland 
CO digestive. fale Branas 

lacteals which ien. ive Juice, and the 
When the food reach the digested food. 
digestion .is complet y the large intestine 
the large intestine B the las $ 


elimination of foo d 

ometim . 
way that the People tell you in 4 

may be fro Y suffer from indi very vague 

of indi 0m severa] Causes gestion. This 

Bestion requires its d each kind 

Special trea 
E 


One » 
ne person may suffer from lack of 


, to digest starch. It is sometimes 
* to avoid starchy food for a time 
cases this kind of indigestion is 

by taking malt. Sometimes the 
not able to secrete enough gastric 
enough acid so that the ’ gastric 
in to work, Pepsin aids diges- 
tomach, and the patient some- 
en hydrochloric acid to ensure 
the right amount of acid in the 


ed 


od like Benger's food is par- 
before it is taken into the 
ig Benger's food, the specified 
ifter the preparation before 

t be adhered to. 
indigestion is caused by an 
nd sometimes by a diminished, 
All this shows that in cases 
if continued for any length 
advisable to obtain competent 
ice, so that the correct remedy 
en. If a diet is faulty and not 
l, it means that an extra strain 
the digestive organs to assimi- 
| material and get rid of waste. 
v in meal times also causes indi- 
Roughly speaking, a meal is 
about four to four and a half 
ere should be at least this interval 
cals. It is better that it should 
longer in order to let the digestive 
«t between meals. In the case of 
better to have light meals, 


santity and of foods which are 


sted: 


LESSON 9 


- There are certain 

which must be 
our bodies 
od supply 
drinking, 


Maintenance of health. 
tamental requisites 
if we wish to keep 
These include a 89 
water used for 


ealthy and fit. 


( fresh air; pure anliness 
í king and for purpose i. M 
for cx S; 
me and clothes, © 
of the body. ho work; exercise and rest 


oply of good food ; 
sup f 
and recreation. 


oxygen in the air , 
finally and is used vp in t 
production of heat. Carb 
out of the body as waste 
we breathe out. In the 
learned that carbon dic 
during breathing and that 
water milky, Now it is in 
wa how the air gets into 
ody and finally enters the 
air into our bodies by way 
mouth. When air enters. 
through the nostrils into a 
passage which leads to the bac 
The nostrils are lined wii 
dust from entering the 
Air is warmed also in going 
it enters the body. It is imp 
to the regular cleaning 
sages from a health point 
then enters the windpipe 
the lungs. 
The lungs are situated 
of the body or chest. The 
from the abdomen or lower | 
by a strong muscular wall 
phragm. In the chest | 
lungs, that is, the organs 
circulation of the blood, 
In the abdomen are all the 
and organs concerned Wi 
waste matter. As the « 
are so important for the con 
they are well protected from. 
The chest is provided wit 
work, Fig. 82. Down the xs 
spinal column or backbone. A 
of a number of small bongi 
which are jointed and apa 
amount of movement. The. 
stretch from the vertebra 
top of the arm and are 
collar bones. ^n : 
which is also J 


blade 


Breast bone 


Fic. 82. 
SYSTEM or THE CHEST ORGANS 


the breast bone. These rings of 
the hoops of a barrel. Between 
e chest wall are muscles. When 
contract the ribs are raised. 

ke the chest bigger. The dia- 
5 naturally curved upwards. When 
| it goes lower down, and this 
the chest cavity larger. We shall 
portance of this later, 


The windpipe or trachea leads 
back of the mouth into the chest. 


-4lin. long, and divides into two 
Enn is called a bronchus, 

fs bronchus leads to each 
‘important that these tubes should 
at all times, so that the pas- 

to is not interrupted, 

of the windpipe there are 
cartilage which keep them 
as cartilage 
T RUM the 
" that the wind- 
gullet. The bronchi 
ey In the sub- 
break up 


| of the 
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smaller tubes called we 
finest bronchial tube pa 
The soft tissue 1n the lung 
e network of blood ves 


into smaller and 
chial tubes. The 
in air E | ! 
E ue civ d with a very fine sku 

are covered with m c 
Rey te pleura. This tee he 
fold attached to the lung itse : ia ne 
fastened to the chest wall. I E dine 
a n the chest wall moves, the ple » — 
with it. so that the size of the lungs can 
altered, Fig. 83. 


Kor 
wae 


Uo -— 


U 


^ 
< 


ERE 


Fic. 83. 

Tur LUNGS ARE COMPOSED or LiTTLE P 

OR SAcs—Inro WnuicH THE AIR RusHr 
INSPIRATION 


OCKETS 
S Durie 


To show how this acts 
can be made. Take a bel 
of leather over the botto 
middle fasten another s 
to which is attached 
Through the stopper of 
piece of glass tubing. Be 
Vaseline can be placed 
the hole in the stopper. 
tube which will go inside 
Securely a small toy ba 
ready to be Used. Hold 
Írom the table and by m 


» a simple model 
l jar and a piece 
m opening. In the 
mall ring of leathe r, 
a piece of string 
the bell jar pus 
sure this fits tightly 
at its junction with 
On the end of the 
the bell jar fasten 
lloon. [t js now 
the bell jar away 
eans of the string 


ha 
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l the le i 

l pe eer Which covers the botto 

1 ^ s the cavity inside the bell iad 
immediately you will see a Bie 

toy balloon. It begins to swell 


Fic. 84. 
t SuowiNG LUNG ACTION 


ragm raised—"' lung" deflated. 
hragm lowered—"' lung” inflated. 


lanation is this. When you enlarge 

; in the bell jar, you alter the air 
in the bell jar, It is now less than 
ure outside. Air tries to get in 

the pressure equal and it goes down 
tube into the toy balloon. This 

vou understand what happens 

ı breathe in. The chest cavity is 
» three ways. First the diaphragm 
This enlarges the chest 
The ribs are moved 
; and upwards. This enlarges the 

| from side to side and from back to 
As the lungs are fastened by the 


wnwards. 
ve downwards. 


, equali 
est expan 
take of ar 
Now when mus a: 1 
: i ize 
recoil and return eir original si 
rel The muscle: : 
t. in the diaphragm relaxes. 


and the muscle t : e : 
The diaphragm rises to its original po 


They 


chest wall relax ` 


lessened and air » 
the ordinary taking ir 3 


into play. All the m 
contract in order to 
upwards and expel the 


place.—You will remem 
finest bronchial tubes o 


small air cells; and st 
very fine blood vessels, ( 
the air cells into the 
through the walls, and c: 
from the blood vessels 
and can thus be exp 
It is important to pi 
in order to increase th 
into the lungs. 


The heart and its 
MIR important organ, 
to send the blood contaii 
tion and air to all parts 
it is needed. It also contains 
which the digestive organs | 
facture the different ju 
digestion of food. . 

The heart is situa 
between the two lungs. T 
and lungs, are the only organ: 
]t is about dd size of th 
roughly triangular in 
di that the apex points | 
wards and to p It has stro 
walls, and it is by 
walls that blood isp ump ed ou 


ions 


the septum. The 
i be with the right 
left auricle communicates 
‘ventricle, so that blood can 
auricles into the ventricles. 
F ms: Pulmonary 
E Artery 


Aorta 
Veins 


y A ifie 


K 


1 1 Veins 
Avane Y 


Â) Left 
y Ventricle 


n Fre. 85. 


ECTION OF THE HEART 


les and ventricles are 
brane which are called 
down into the ventricles 
to the ventricle walls by 
tendons. Blood can flow 
lo the ventricles but not 
vhen blood tries to return, 
5 of the valves upwards 
ings to close. There are 
communicating with the 
ich take blood from the 
arteries and those which 
le heart are called veins. 
P the heart contains impure 
side, pure blood. Two 

Ng impure blood to the right 
bring pure blood from the 
auricle, An artery carries 

the right ventricle to the 
Pure, and the aorta, the 
h » leaves the left 
Hes pure blood all over the 


345 


examined under à microscope, 
to consist of a pale 
which very numero 
floating. These are o 
puscles and white corpuscles, 
are very many more red corp 
white ones. The red corpuscles 
rather like draughts; they are round and 
have slightly concave upper and lower sur- 
faces. Sometimes they are arranged in rows, 
piled up. The white corpuscles have a differ- 
ent shape. Each kind of corpuscle has its 
own definite work to do. 

The red corpuscles are called oxygen car- 
riers. In the air cells in the lungs they take 
up oxygen from the air, and give up carbon 
dioxide which they have taken up in their 
journey through the body. In the tissues 
they give up oxygen which is needed for 
slow combustion to keep up the body's heat, 
and take up carbon dioxide which has been 
made during slow combustion. 

They contain a substance called haemo- 
globin, which is a compound of iron. It is 
this substance which takes up oxygen in the 
lungs, and is changed into oxyhaemoglobin 
which is bright red in colour. It gives up 
its oxygen in the tissues and takes up the 


carbon dioxide and becomes dark purple in 
colour. 


us small bodies are 
f two kinds, red cor- 
Fig. 86. There 
uscles than 
are shaped 


= never leave the blood 
e 
another kind of mr e e 
pe of passing out of the blood 

hey do this when i oa 
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Broop CORPUSCLES . 
. Red corpuscles seen in rofile. 
Red corpuscle seen E 
White corpuscle with granules. 
Nucleus. 


Healthy bacillus. 
Partly-digested bacillus. 


. Nucleus. 


74 -2500c7p 


We will consider the 
from the left ventricle. 
and is forced into the 
of the ventricle. kj 


in a low state of health, the 
not devour the disease 
d then the germs 
hey make in their 


are 
puscles can 
uickly enough, an 
| the poisons t 


iy ane 


cause disease. 


Circulation of blood (Fig 87).—Ihe 
eles of the heart begin to contract. 
the right auricle pas 
Blood from the 
left ventricle. 


f blood they begin to 


Blood from 
ht ventricle. 
into the 
are full o 
contract Blood is pre 
to the auricles by the € 

n the auricles an 

from the right ventricle into the pul- 
monary artery, and fro 
to the aorta. 


passes 


ventri les 


betwee 
forced 


in 


ies that oxygen passes into 
carbon dioxide passes 
the tissues, these 
nd form larger and larger 


SENTATION OF THp 
oe THE Broop 


DOMESTIC SCIENCE 


347 


. T unite into 
vesscls called veins. Finally a tid 
two large veins, one carrying rd cud Bi 
from the lower parts of the body, ? d tl 
other impure blood ig ne upper pë 
the right auricle. p 

Eus right uide contracts, poe 
blood is forced into the right ventricle. " i 
the right ventricle contracts impure bloo " 
forced out of the heart into the pulmonary 
artery. This takes blood to the lungs, where 
it is made pure. It gives up its carbon 
dioxide in the air cells, and takes up oxygen. 
This purified blood is brought back to the 
right auricle of the heart by the pulmonary 
veins. 

All arteries except the pulmonary artery 
carry pure blood. 

All veins except the pulmonary veins 
carry, impure blood. 

Itis in the capillaries in the tissues that 
blood becomes impure. 

It is in the capillaries in the lungs that 
blood is made pure. 

From this lesson and the previous one vou 
see that the heart and lungs have both very 
important work to do for the body. 


LESSON 11 


How the body gets rid of waste matter. 
You have seen how the body takes in all 
that it needs. Food and water are taken in 
by the mouth. Air is taken in by the lungs 

You also know that food finally ; 
the blood stream and is taken to v 
parts of the body, how it is used for growth 
and the production of energy, how the blood 
a Pun impure in the tissues, and then 
Tm : | 1n the lungs. The carbon dioxide 

ch IS produced by slow combustion is 
Eot rid of when we breathe out s 
Other waste materials as wel] í 
ne of the most i i 


enters 
arious 


There are 


ASH dx 
piration which is Siven out, and by p 
y the 


T 
adney 


neys which separate it from the blood. 
f diy. pass it out from the body in 
rm of urine. 
ested food material is passed out 
body by the large intestine, 

the skin has such important work 

is as well that we should know 

9t its structure and how it works, 

n realise the necessity for taking 

Skin is the covering of the whole 

‘side of the body and the lining 
iternal passages. 

le up of two principal layers, the 

r epidermis, and the inner skin 

Between these there is a layer 

louring matter. This contains 

; matter in negroes, brown in 

ed races, yellow in the Chinese 

and pale in the case of white 

[he outer skin is rather strong, and 

mall openings which are called 

semi-transparent, and allows us 

colouring beneath. It does not 


Mee 
a a 


rs 
aiy NS 
xoc? 
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KIN 
SECTION THROUGH THE S 


A — Epidermis 


contain either nerves or 
is possible to prick the 
shedding any blood, and 
any sensation of pain. I 
In the dermis, or true ski 
nerves and blood vessels, 
together that it is impo 
anywhere without drawing 
Out a sensation of pain, 
means of these nerves in the 
get knowledge of objects by 
of touch. We get ideas of 
smoothness, that is of the te 
some ideas of shape, and t 
objects, by the pressure 
skin. We also get sensations ¢ 
by contact of objects wi 
Some parts of the skin 
to touch, for example, 
are more sensitive to 
cheeks, the calves of 
the back, and the pe 
ople sometimes t 
u baby’s bath by 
into the water. If 
comfortably warm to 
will not be too 
of the body. Pe 
test the heat of 
it a little way 


DIM) 


‘on the skin for a time, and 
visible perspiration. 
“the visible perspiration it 
Our skin usually feels plea- 
‘cool, In some illnesses or 
skin is dry and feels hot. It is 
perspiration and giving it off. 
ers, doctors generally give 
h will induce perspiration, 
: the body's tempera- 
owered as some of the heat is used 
‘convert the perspiration into vapour. 
‘oil glands are also constantly giving 
w the skin smooth. 
n and oil are given off they 
dust on the skin surface and 
] skin. If these are allowed 
0 nt skin they block up the pores 
: skin from acting properly. 
hould be sent out of the body 
n in the blood, and the person 
tny Also if the skin is not 
person is more liable to 
ges in the outside tempera- 
cold more easily. 


TA 


The best way to remove thi 

- his 
‘is by the frequent use of soap 
Water. Hands and faces need 
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i ll 
i careful attention. A 
Ese d f disease and unless 


t very clean disease germs are 
it is being handled 
ess ol 


important to health, but 


's own bod 
a s e cleanliness of clothing 


also there must b 
and of the home. l 

All waste food material, if kept, begins to 
decay, and when there is this kind of decay 


Fic. 89. 
NoN-ErEcTRIC Vacuy 
de fan whi 
ag is operated through 
ears 
wheels of pan 


id M CLEANER 
ch drives the dust into the 


rom the 
there are alwa 


It also 
ed car- 


been prov 


food and convevi by walking 


" xi bee should be kept in a well 
—A€— Eea that no flies can get to 
Mil should be covered by thin pieces 

n to protect it from dust arid flies. 
nd other dirt should be removed 
! the dust should be burned. Tf at 
it is best to remove dust from 
by the use of a type of vacuum 
extracts the dust much more 
! by trying to remove it with 
ish. In using the latter, care 
n that dust is not scattered 
m. If electricity is available, 
im cleaner is the best. They 
nothing to run. A seven- 
in be swept all through in 
|! hour, and if on power the 
than a halfpenny. No dust is 
removes dust from upholstered 

Walls can. be swept frequently, 

kept clean by the use of 
ere is no need of a violent up- 
discomfort for everybody at 


time. 
washer is also a great aid to 
the home. All kinds of domes- 


tic washing can be done 
more quickly and effecti: 
other means. There is no 
or scrubbing of clothes, 2 
fore in the washing no 
the garments involved. It. 
to run and is most eco! 
washing material. The f 
but these washers can be. 
electricity companies ( 
ments. There is no n 
to a laundry—curtains, é 
all be washed easily at ho 
end there is an economy. - 


Exercise and mii À 
rest are important for 


Fic. 90. : det 
LECTRIC Vacuum CLEANER 


Our Tyre OF E 


BUE - 
eneficial in various ways. In 
ice it causes development of the 

mb for some reason or other 
) and still for any 
[js actually smaller than 
en the bandages are removed. 
r and not so easily moved. 
one notices when 
se is that we become warmer. 
the action of the heart 
blood circulate more rapidly. 
ises the rate at which we take 
; means that more oxygen is 
carried by the blood to the 
nal combustion takes place 
This natural production of 
than sitting by the fire 
J m externally. Since exercise 
aking in more air, it is important 
taken in should be pure. There- 
take as much of our exer- 
of doors. 
that every part of the 
exercised and that is why 
d exercises are taken. Walk- 
d form of exercise and helps 
body harmoniously. The 
' mind on the body is also 
‘xercise to be really beneficial 
ing, skipping, jumping and 
ing are important for children and 
3 Many children enjoy games 
dọ not really enjoy just going 
ists eel ong for a walk 
oi ected with 
My hobby. Then the interest 
re involved give the most 
l Inm tw taking of exercise. 
Dee eid eter appetite, 
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and a greater enjoy- 
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ind of work done by the 
e in fatigue. Then 
to recover, 


Rest.—Every K 


there must be rest for the body 
as undue fatigue is distressing- i 

Rest of tired muscles can be obtained by 
relaxing them; the greater the relaxation 
the quicker is the recovery from fatigue 

A person who has worked hard all day at 
muscular work can obtain relaxation by sit 
ting still and reading a book. The book may be 
for pure recreation or it may be some study 
which will develop the mind. Some people 
enjoy a game of chess or other games of skill 

Every part of the body needs a rest The 
heart has a slight pause after each beat 
Sleep is the most perfect form of rest. All 
the muscles are relaxed, the heart beats 
more slowly and we breathe more slowly 
Work by the digestive organs slows down 
This is why it is important not to take a 
heavy meal just before going to bed. The 
brain also rests.. The body should be per- 
fectly comfortable in bed, and the bed 
clothes should be light but warm. The roor 
should be dark and quiet. Fresh air ala 
be freely admitted to the room. Under t! 
conditions we get the most restful pnr 
healthy sleep. It is also during a re 
growth and the repair of s eep that 
ties place. If one sufiers from cod feet i 

it is best t: ; 
E cold feet I E Nor n 
s it is wh 1 

takes place, tia dis Bae that growth 
should Hate a. pee ant that children 
sleep. The ; 
it me md the child the mor 


e sleep 


part. of À meate: 

most E 20. night As iov E 

f tly ye ; 

ollows that most sleep is ei : life, it 
H len 


If people slee 
rest 
Sleep need des be Ese 


À LESSON 13 
Housing and 
house is i health_The titma 
Se is important from a ation of a 
Point of 


l'he ground on which a house is built 
be well aerated. Clay soils have very 
‘tion of soil and hold moisture. A 
indation means a damp house, and 
house is a cold, unhealthy house. 
built on high ground are generally 
nd which is better drained than 
land. They are therefore more 
* dry. In such a region there is 
circulation of air which has a 
fect upon health. 
ther important factor in health, 
er to choose a house which 
maximum amount of sunlight. 
led districts, light and air and 
ked out, making such districts 
to live in. There is also in such 
ortage of trees, and very little 
all plants help to purify the 
ency of plants is a disadvantage. 
rt from the fact that such dis- 
epressing, and as mind influences 
health of the inhabitants is 


should have window space to 
t admission of the maximum 
ight and air. Windows should be 
opened, The house should be 
n order to protect the inmates 
is of weather, cold, damp and 
cat 
1 a constant and adequate 
and means of obtaining 
It often 


1 have 
x] water, 
t supply of hot water. 


happens that in houses w 
originally built for one fami 
occupied by several families, 
ls inadequate for the : 
it. The sanitary arra 
good, and there should be t 
everyone to have warm baths, 
Accommodation for food | 
be good so that it can be kept y 
even in warm weather. Plenty 
are needed, in order to ki he 
It should be so planned that it 
clean and all the necessary amo} 
done in it with the least poss 
diture of energy. Its means of 
artificial light should be good. 


to have a small number of roo 


The actual size of the house 
upon the number of people w 
in it, but there is no need 
rooms in a small house. | 
more cheerful, easier to keep 
healthy. 

A house should have à 
ensures a. better air supply, : i 
safe place where children ca 
the supervision of the paren 
will learn to take an 1n! 
and watch things grow. 

Attention to all the hea 
mentioned in this course 
up healthy bodies with a good n 
ance to disease. x 
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hygiene teaching in the senior 
3 teacher of hygiene in the 
must keep one goal in view. 
leat of all his work is to 
Bet to valve good health for 
for others. The aim, therefore, 
h education periods is to help 
understand his own body and 
which it works normally. By this 


INTRODUCTION 


i . None of the teaching 
E eui and of the oe 
type that describes and stresses gee 
the fate that awaits those who neglect 
suggestions of the teacher. sis 
Just as excessive drinking, among adu x 
is now prevented or cured by the provision 
of and appeals to other interests, amuse 
ments and leisure pursuits, and is not com 
bated by arousing fear 


through dwelling on 
the consequences, such 


E DENTIST | 


as the drunkard's 

i miserable home or the 
Don case illnesses readily 
HE GETS ON contracted; so, in 
l^ YOUR NERVES school, the advantages 
i of cleanliness, fresh air 
good ventilation 

sunlight, restful sleep 

are put forward, and 

allusions to the evil 


consequences of neglect 
of such conditions are, 
for the most 
avoided. 

The teacher, knowing 
how suggestible children 
are, is always on his 
guard against arousing 
fears of ill health. He 
avoids, for 


part, 


example, 


; d : ls n cm lurid descriptions o 
[Reproduced by courtesy of the Dental Board of the United sym toms * bx 
The value of thi Kingdom, E any tuber: 
is poster is that it stresses “prevention” culosi zhi i 
7 is, that it i S which might 
t should be done, not what Poa t 


* The teacher should 

instead of, “Do not 
rush your teeth up and 
m ve not brush your 


think he has the disease, when he has not 
Throughout it is a case of “Do thi 
the community to be healthy,” 


case of “Do not do this 
will not be healthy,” hen 


lt is to be 
section the te 
as “he 3» p 


community 


% 


mei 


à TEACHIN 
NG 
IN PRACTICE FOR SE EM 
: NIORS 


[Reproduced by courtesy DITS 


AN Ur-TO-DATE CLASSROOM 
his are likely to be discriminating in d 
nt for themselves as adults. 


f such a classroom as t 


the use o! 
such an environme 


nd maintaining 
rtant to make it essential, if it is to be treated 
n teacher and the girl pupil as adequately, that it should have regular 
-her and to the boy. weekly periods devoted to it t 

the whole of the senior school Cours 
the curriculum. Hygiene is importance of the subject to 
citizen as a guide to the 


t for, and applies as fully 


man teac 


Place in 
eated as a sub-section of the 
. and its treatment is sporadic. own life, earns for it 
ols all the work is crowded right, 50 that, b 
nto one year or term of the science work, the wide ran, 
may be accessible to 


» other schools the treatment 


while ir 
to occasional references to the 
of some structure or function in these adolescents, who 
t in the animal or machine which percentage of t 
. u forward an unbia: 
[he clo ation of hygiene with all the working of their 
| of science is essential to ensure only reasonable 1 
children shall not get an artificial most of them ll ge 
ed view of the subject. At the same es. Such teaching 15 W 
s such as and nullify appeals made 


importance of hygiene ! 


BR 


i and by the super- 
the daily and weekly 


eleven upwards are en- 
chers of most subjects to 
They cannot do this 
le references to 
e this reading 
"interest in and attention 
‘direct positive instruction 
the teacher of hygiene is 
the children to sift truths 

and helpful from harmful 


hygiene.—Hygiene is best 
e specialist, but it needs 
a biological outlook 
icist. Other members 
as the teacher of physical 
er largely responsible 

| , may have real con- 
| make to the hygiene teaching. 
have adequate and, above 
ge, and at the same 
ction as to the value 


Hygiene is essentially 
, and on all possible 
should do experiments 
uld arrange demonstrations, 
not become abstract, 
ne should be one of 
the teacher is responsible 
at a time. Since the 
led into two groups, it is 
ural in mixed schools to 
nto à boys' division and 
hygiene periods, There 
ti aces in the 
or the girls’ groups, 
Approach, the place of 
ning of the allotted 


É 
- to combine parallel 
hygien , putting, say, 


and IA girls with Ip 
Te numbers in the 


EDUCATION IN SEN 


IOR SCHOOL 


: zm 
groups make practical work impossible, 
the assumptions, illustrations and ap} lica tion 
suited to the A class would prove too ditheu"! 


for the B class. 


Time allotted.—In allotting time to the 
subject on the time-table, it has been 
suggested that a weekly period is necessary 
It must be remembered that both descriptiv 
and experimental work are to be catered for 
so that a short period of thirty to fort 
minutes wil usually prove insufficient 
uneconomical. 

Periodically and as occasion offers, tum. 
will be needed for inspirational period 
visits to such places as clinics, institut 
exhibitions or dairies or water-works. Li 
view of the crowded time-tables im seni 
schools, the usual hygiene periods would 
have to be forfeited on such occasions 


School scheme.—Once it is recognised that 
one purpose, namely, to teach the value of 
good health for the individual and the com 
munity, should govern all health teaching 
in the senior school, it becomes clear t 
the School scheme for hygiene must be a 
unified, graded one. Some hygiene syllabuses 
like syllabuses in other branches of science 
are not true schemes at all, but merely list: 
of isolated, disconnected i 


topics. Such 
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A further important consid 


kept in mi 'he i 
g a mind when framin 


eration must 
g the hygiene 


be 


life and the life interests of the 
touches other parts of the curriculum 
points. The scheme must there- 
into account the work in other 


is that there should be a 
‘on between the hygiene and 
uning, that is, between two 
calth education. There must 
agreement between the order 

t of the hygiene scheme and 
neral science scheme. More 

es are made to this later. 

tally important, but not always 
ognised, is that the social 
hygiene course must be 

with the social and civic training 
subjects, The child must 

the citizen who studies the rates 
bye-laws and regulations of his 
the same who is called upon 
the health and well-being of that 


z school basis for senior school work.— 
school is a primary school 

wh must continue, add to, develop 
the education given in the 
This is the case with regard 
The work of the senior school 
fully into account the work in the 


M 


Ti 


M M . H 
the most part the health teaching in 

ior school is indirect and informal. 
w xk of the teacher at that stage is, 

main, to develop the child's inborn 
such a way as to fit him to live a 
in a civilised com- 
he turns the child's 
ful ends when 
ds, clean his 


ture in 

useful, helpful life 
For example, 
activity to use 
scrub his han 


munity. 
wn desire for 
sets him to 


he 


liness. He en 


love of routine and repetition 


of health 
encourages 


child's native 
in the service o 


TEACHING IN PRACTICE py 


A subject which deals so directly. 


S 


him, by regular 
bodily habits n 
. The aim of all this i 
in the junior school is 
assumptions of right. 
it as a matter of cou 
should be used, that 
regularly, that hands 
before meals or before « 
work, and that rooms 
and attractive without 
with superfluous de 
will not have been 
lessons, and it is 
School that, according 
Education's reco ER 
education periods 
the time-table, - 
It is, therefore, the 
school to put further 1 
into the habitual 


may become not 
them but that wi 
In short, the task is- 
habits become health 

Since the course T 
the years, makes consta 
home, teachers sho 
straining the family | 
who come from partic 
factory homes. 1 

The child in the junior 
he is expected to hav 
clean shoes, clean books 
he knows he must come 
o'clock on five days of | 
extent these details hay 
of habit. If he considers 
to view them as affairs 
and no real concern. his. 
child, though he has 
habits of cleanliness, 
ception of cleanness. 
has grown 
um m i i 
wider and evi 

Tt is important that 
the adolescent should 


r health practices; 
. that the so-called 
itary laws made by 
ild develop a right 
rds health. 
jn the senior school 
tion of training the 
matters of health, but 
him to feel keenly 
d healthy living. These 
ec so strong and so 
determine not only the 
inking with regard to health, - 
forces they determine 


omes one of his ideals. He 
as something of value to 
E 
4 


NTENT OF 


the content of the course 
d not solely by reviewing 
material that could be 
ly by a consideration of 
"and needs of the 
consideration of the 
he adolescent proves fruitful 

content and method of 
' health education course 


| the senior school 
from the matter-of-fact 
the junior school. They 

to take the real world 
begin to miner it in 
elves, ey become 
terests. They experience 
in self, including the 
rows into an interest in 
» th around, Tt continues 
interest in wider 


re ta 
: related interests suggest 


of the health educati 
ti 
est that the work efron 


IN SENIOR sCHOOL 
the individual and to the ewe ata z I j 
attitude should become an enduring on = 
resemble his attitude towards | tl 
ideals so that he views health as 
respect and reverence and is pr 
take his share in the work of sust 
improving the health of the cor 

He should reach the stage whiert 
longer continues health practices 
approval of others but to stren sth ! 
own self-respect. In the words of the ! 
of Education, “No programme will be r 
successful unless it inspires him to 
the right attitude of mind towards all thes 
school activities which have as 
common purpose the promotion of healt 
living.” 


t MW 
0 wi 


ud 


THE COURSE 


Year I (rx plus to 12 plus): Health 


Education and the Individual. 


Year II (12 plus to 13 plus): Health 
Education and the Family and Immediate 
Surroundings. 


Year III (x3 plus to 14 plus): Health 
Education and the Race. 


The young adolescent, boy or girl, is 
beginning to take a pride in personal appear- 
ance and fitness. The teacher should build 
on this, dealing, for example, with the 
social value of cleanliness. Youth is very 
Suggestible, and so, though giving regul 
direct instruction, the teacher makes ae 
use of indirect suggestion and, trusting re 


imitation, sets man desirabl 
behaviour and ee Ile 
. The adolescen 


eos 
360 TE has. 
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Avain, when | 


r youth begins to interest 
in social problems, the teacher's 
opportunity occurs for dealing with 
"Pene and public health. 
teacher follows such a course based 
esent natural interests of his pupils 
nt on their whole-hearted co-opera~ 
co-operation is strengthened by 
it these adolescents have a strong 
independence in all directions, 
by a feeling of dependence 
l'hey display a real eagerness 
that Is necessary to attain the 
pendence, and can be quickly 
ive that health knowledge is 
ccessities. 


ral method.—Such a scheme enables 
to employ a spiral method of 

rhis means that the teacher 

take each topic of the syllabus in 
treat it once and for all in its 

For instance, he does not deal with 

or respiration in the first term 

rst year and then never touch upon 
except by way of mechanical 
work. A topic is introduced early 
urse and treated from one particular 
ynewhat later in the course the 

pic again appears, this time in à 
setting, and is then treated some- 
nore fully from this new point of 
When the topic is referred to again, 
towards the end of the course, the 
r, making use of the existing knowledge 

i views the matter from still 
and gives an even deeper 
f it. In this way none 
he course is allowe 
e, but is repeatedly 
so that the 
richer and 


class, 

angle 

! fuller treatment o 

{ the information in t 
become dead knowledge, ! 
g used in new connections 


experience becomes 


$ 


i i ith health, first 
can be seen in dea the individual 
hat of the family, and thirdly 
that the whole course 
method, and that in 
ctions of the 


It 


from the poin 


from that of me 
is based on the spira 


various Se 
consequence the 


Syllabus profi a 
development Es 
A plan of the 
advantage of not be 
of teachers may ad 
yet each of them 
Scope, in the actu at 
-of lessons, to disp 
and treatment. 


Tn the section, Lessons. 
a series of lessons on | 
Show the spiral 
various sections of thi 
of food is taken up. 
years and in each case 
viewpoint. - 


Inspirational 
in any subject is 
what the children 
their attitude towards 
able to name every 
yet feel revulsion, or 
ate the so-called laws 
value good health. 
cases could not be 
teacher who has 
desire to pursue the 
of awakening an 
accomplished far m 
pupils could not con 
on the facts. i 

For the most part 
attitude towards a j 
suggestion and other n 
addition to this, however, 
method has been toune 

rranging periodic 
the BE P borate. 
popular by Dr. Hay 

Health ideals de 
the emotions an 
ieron of BEL 
emotional appeal 15 $77 
be successful if made to 
made to an individual. Lo 
candidate does not rely 


house canvassing ? : 


EDUCATION 


n * : i 
strong instinctive forces © 
gestion and sympathy ES 
js wd and a teacher wisely make: 
Ee when he wishes to arouse 
M enel and regard for healthy 


school is 


"an occasion the whole days 


sentimentalists. All inspir- 
ith teaching should issue in health 
Thus posters, meant to be 
which exhort the children to 
uently or clean the teeth before 
ire useless if kept exhibited in a 
‘Until dusty themselves, and all 
50 if the school is of a type in 
Washing facilities are poor, so that 
cannot follow suggestion, 


children find interest in the 
Progress in the fight for health. 
A it is rightly advocated that 
be given some knowledge of 


c und of health work. 
however, a tendency to go to 
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in this direction and E 
Eu e ian periods t: T 
ere of the lives of i E 
The history is divorced. from E 
and, added to that, it Re d 
background. Historical inf : 2e 
subordinated to inspiration 1n st 


n 


Apart from the periodic: 
period š 
| 1 
assemble¢ 
whole lesser 
not be set 
biographic 
historical 


should be 
the general 
whenever it ts 
In this w 
forms hi 
ment of our d 
pioneer 


and gradua 


service of 


women of the past 
Visual Aids. 
Pictures selected fror 
the wealth « 
available should be visual aids to learni: 


They should not be merely pleasi: 
the upper poster on page 376, but they shou! 
be mentally stimulating and should actu: lh 
assist the child by definite 
about the topic in hand. 
Regular training is necessary if children 
are to learn to extract the full benefit from 
a picture or diagram. If Shown without 
comment from the teacher the photogr 
on page 405 will delight adolescent 
but will not justify its place in the les« 
By a series of questions and comments 
however, such as—“ Notice the 
mouth. How is he breathing? is 
might form a good basis for a 
conditions of healthy sleep. 


information 


n, 


baby $ 
—the picture 


lesson on the 


—— 


Ww 


the 


SYLLAB 
US AND SUGGESTIONS ] 


| in the follow- 
tions 


nt has been de 


nt 


ive lesson in the S 


hile the scheme may 


TEACHI 
N 
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we given suggestions for the 
that should be covered durin 
gani 1 he syllabus will be 

ie spiral method indicated 


COURSE 


exposition or class di 
x discussi many 
topics can be equally velia ] 
involving less oral work and A 
; | 


wherever possible, appropriate, simple 
j ; 


resents 
heit ments show 
portions A 
dealt 
me way. 
topic is 
EE R 
vith few 
Some idi 
cheme These the 
reater study, indi 
e are sometimes in . 
is that groups, a 
where answers to 
helpful to the aid of | 
nly the pamphlets an | si 
the essaia text books, 
method of Ee teeth 
Hormones suce 
c which E M 
in detail pu. 
au, chooses 
t matter à the abun 
btainable in BY FALLS OF “literature,” 
vol text WORKERS and diag 
w] is some- able on this 
tailed in the [Reproduced by courtesy, of the National 
hnical books. Safety First Association, cleanliness ! 
me instances Such posters as this interest older children itself to t 
E » because the subject matter 18 connected wit j ct 
has been that adult life in industry into which they will on proje 
ter shortly. 
discover tha 


and its 
monstrated by an 
ection, Lessons dn 
age 410. 

that much 


suggest 
f teacher's 


work takes the form O 


subject is much too wide for one 
that it naturally splits up into. 
smaller projects. Soap, for 

provides an excellent minor 


projects suggest such à 


EDUCATION ! 


ierests of all members 
and kept alive. 
Dalton Assignments 
erjal suggested for a 
assignments. — For 
, The Provisions 
he Health of its Members 
of an assignment. The 
to collect, and put at 
class, such things as 
rance cards, placards 
of factory regulations, 
‘by local institutions, 
t Health Week 


(ON AND THE 
E BODY AND ITS 


ts and animals.—The 
ass should be drawn to 
ge of plants and animals, 
should be induced to 
m about how these live, 
ü reproduce. For example, 

j plants move towards 


d A make quite clear 
i purpose of the 
to follow is ee how 
man does these things, 
advisable here that the 
the aim of the year’s 
age are interested 
make-up and their 
the purpose of the 
E. Solution to 
something wort 
deration S 21 


R'S COURSE FOR PUPILS 
IN PLUS TO TWELVE PLUS 
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Each unit of the assignment bd gi x a 
minimum of information, together 
definite instructions as i U 
information to collect and oo at 
it. It would also ask for a definite pi 
practical work, such as expres 
from a given book in 
reading a graph, or wnt 
of the work of some he 1 
movement. As optional w ork, th 
in addition to the minimum req 
the assignment, the children mig 
to collect further literature or frst 
information, or to make a poster tit 
be used by an institution. 


what further 


AGED 


The structure of plants and animals. 
teacher should deal with the structure ol 
plants and animals as foliows: 

All living things, plants and animal 
characterised by being made uj 
The cells consist of a colourless, jelly-lik« 
substance, known as frofoplass:, with, 
where in the protoplasm, a diffe 
part called the wucleus. There are many 
very small living things that consist only of 
one nucleus and the surrounding prot: )plasn 
Such minute animals and plants are 
Small to be seen with the naked 
they have to live in a liquid 


as, for example, in a pond or in 
water. 


eye 
medium 
the se 


When it is well fed 
tself into two 


it can make a hard 


Wait in the mud for 


TEACHING 


The amount 
of work of this 
kind that is 
i covered here 

$^ will depend 
upon how 

i - much of the 

è rteplasm material the 
" n: children have 
met in their 
biology course, 
and a con- 
sultation about 
syllabuses is 
Ihe advisable be- 
tween the two 
teachers. In 
any case this 
work should 
not be left 

ealt with in the biology 

ential that the children 
these ideas of the structure 

lower animals with the 

hygiene regarding the 
ction of man. 


we mean by growth.—Man and all 
its with which we are 

dogs, frogs, birds, fishes, 

are made up of not one 

these so-called cells, each 

is. Growth takes place in any 

n a child, or in a bean seedling 

rads of these cells have 
lividing and redividing 


have a bigger train or house 
r saucepan or cup instead of 
we must obtain an entirely 
a living plant or animal 
a small to a bigger 
inherent limits. 
changes itself into 4 
because it can eat food and 
od and build it into its own 
scture, but à non-living ne 
«e. cannot increase or develop 
(Non-living things such as 


me 

whereas 
from 

its own 
example, 

at 


this way- 
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crystals “grow,” but it; 
i > but 

raise such points it is not 
mention of them is 


Movement in man, This i J 
for the teacher to take a Boe yas 
one characteristic of living things is that hey 
can move. How then does the human 
move? It does not move as a heap of 

moves," particle by particle, but as d 
whole. Further, like a mechanical toy moi 
car that “works,” it moves because 
something happening inside itself, and pot 
like a "pretend" motor that really has i£ 
be pushed from outside, 1 


[Reproduced by courtesy 


a 
The crane in this poster Prie of 
The poster is also a further € 

about safety in industry- 


EEUU being Told shaped! Blows thie c 
"and shock is distributed 
e 


"a 


Shoulder joint kat large balk * 
up. giving a mobile joint. (Contre: 


hip Joint) 


Ribe form a movable yet protective «ui 
for the heart and lungs 


Pelvis, being basim-shapad. support 
Weight of the abdominal ongant 


SKELETON or Man 
(Class Picture No. xo in the Portfolio.) 
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EAR JOR Y 
RTHWORM, SHOWING REPETITION OF SEGMENT-PLAN 


(Photo: H. Baia. 


| repe cd ri ised i 
epetition can be recognised in man in the vertebrae and the ribs. 


ework or ske 
the class an understanding 
ns of the skeleton, as 


i: tall house or factory 
work which can be seen 
ing erected. The body 
ır framework, made of 
beleton. This skeleton 
es; (1) it supports 
the body; (3) it gives 
it enables the body 
uses is considered 
ire collected from the 
logous frameworks; e.g. 
tes. easels, windows, cranes. 
o decide how far each 
the skeleton of the body. 
feel some of the bones 
For example, they 
(how many?); 
; the jaw 


4 
1 
jese 


ide t 


hould 
ymework 
nes in the fingers 


gain, how many?) 


leton.—The teacher (this helps to give shape to the face); and 


the skull (this is a mainly protective st 
bones). The repetition of the ribs and 


vertebrae shows that Man has 
from far-back ancestors in which this 


repetition of segments occurred. The carth- 
worm is one living example among many of 
such a body plan. 

Joints and hinges.—This forms the next 
topic for discussion. The children 
consider how. à sledge or, say, # toy z 
boat moves. Each moves as one W 
compare this movement with the way 
which one part of an object moves 
to another part; for instance, this 1$ 
in the case of the rudder of à boat, of the 
lid of a desk, or when ur n: a 
and closed, of when the first fing 
and. stretched by itself. The children UY 
these last two examples and find that 
the mouth is opened one bone 
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The teacher then states €— "€ r 
where bones move one on anot pd ce 
a joint, and he compares joints wi - 
in windows, doors, books, boxes, à 1 


set to work to 
acher then set : 
The class and te ints work in 


i ether all the body joi or 
b The children try finge! pus 
top thumb joints and bottom thumb apri 
and compare and contrast. They consid r the 
knee joint and shoulder and hip joints Henc , 
they finally deduce differentiation between 
hinge joints and ball-and-socket joints. They 
find that the pivot joint at the elbow allow 
of useful turning over of the hand, às 
experienced in turning à key or wring 
clothes. (It is unnecessary to make much 
at this stage, of immovable joints às in the 
upper jaw and cranium.) 

A line of practical work which has proved 
popular in this connection is to give all the 
members of the class a hectographed paper 
manikin, on which they mark in the bones 
as they locate them and in this way consider 
the joints at the same time. (See fuller lesson 
notes, page 411.) 


The composition of bones. At this point 
the teacher should also discuss the make-up 
of bones; the fact that they are not solid 
throughout, but partly consist of spongy 
tissue with air spaces. This gives elasticity 
and lightness. In the hollow middle of “long 
bones," such as thigh or arm bones, is the 


dee I. SHOWS THE SHOULDER JOINT AND Arw 

n H THE BONES IN THEIR RELATIVE POSITH 
HEN THE PALM Is TURNED DOWN. d 

* E of collar bone. b. Shoulder bla 

- „Pper arm bone (humerus). d. Forearm tx 


(radius). e. Forear Ww : 
g. Palm and finger ag UE Ji, Wat bones 


Xs 


de (scapula 


TH? 


E ABLE T 


» AND SHOULD B 


h. i 
t Humerus, j, Radius. A. Ulna 
IG. 3. SHOWS THE Hip Jor i 


CORRESPONDS WITH THE Upper ARM Boxe ix » 
(femur) : 


91. Thigh bone 


Everypay HINGES 
1. Book. 
Screen hinge. 


upposed to be associated with 
facture of the red corpuscles of the 
This is an example of the body's neat 
i] packing. In the first place, the 
ones" such as the thigh, shin and 
om bones are more resilient and 
to withstand shocks, because they are 
w. In the second place, the body makes 
of these hollow cavities running down 
s, and red blood 


centre of the bone 
manufactured there. Other 


Li 
xamples of economical packing are seen in 
inner surface of the lungs for if this 
wead out it would cover over half a 
lutions of the brain; 


bdomen of some 
e. The children. 


puscles are 


the 
were sj 
tennis court 


the coiling into : 
f intestin 


twenty-five feet o 


a not yet ready for i i 

z they should be 
ases of this princi le 
as they proceed mum. 


Muscles and their 
next consider how- 
another by means of 
shows that muscles 
pull the bones, to 3 


feel the swelling 
muscle as it has to 


T 
PULL pIvo 


B2. B  — 
? WEIGHT 


PIVOT 


Fic. 1. 
OF THE Biceps Muüscry py 


BENDING 
the fulcrum and the weight as 
- Triceps, 


ugar tongs. 
3 x €. Humerus, 
e. Radius, 


THE FoREARM 
in using s 

f. Ulna. 
Fras. 2, 3 AND 4. 
MINDS OF Levers 


the skeleton provides a 
rigid framework on 
which the muscles can 
produce movement, and 
the teacher should make 
clear that here the 
Principles of the 
| economical moving of 
weights by leverage 
applies. 


Muscles and levers,— 


The principle of levers 

is best approached by 

reference to the ex- 

perience of the class, 

Ihe question might be 

asked, "How would you 

overturn a heavy 

| box?" The method 
| finally decided upon 
would be pushing a 

stout rod under the 

box and lifting the end 

Y of the rod. Opening a 

J box by using a chisel 
pushed under the lid 
could be compared, the 
children deciding in each 
case whether a short or 


sdense a Jonger rod or chisel 
slig would work better. In 
outside. this way the relations 
between fulcrum, 

ind effort, and the mechanical 


tages in moving weights by leverage 
discussed. -This will probably 
have been dealt with more fully 
‘once. There is no need to g0 into 
st detail or work out numerical A 
1 xamples in the hygiene oí NS 
kdren to be aware E e 
principles do exist and are applica e 


'ements. i 
and bone mover EE. eal be 


t 


be 


want 


mus le 


e = in 

imple applications s 
] ra 1) ju example of the e d. E 
nds such as à soc er 
thrust vertk ally into ese pot 


that the head DEN 
saw. (2) Next should e 
leverage of the ae 
the way in which Ex 
Wheelbarrow, or ie 
cracked with nutcracker 
type the weight ie 
the fulcrum or fixed 
the body on the toes 
body of the same kind 


order, that in which | 
between the fulcrum and | 
be shown to be fre 
that they allow of deft 
movements. One exam 
is the picking up of a 
sugar-tongs. An e 
the bending of the 
arm by the biceps. 
The teacher will pr 
leave the considerati. 
until dealing with 
system. í 


The needs of the bc 
the structure of the b 
class now begin to 
needs of the body 
cleanliness. i 


the previous lessons 0 
lessons on food. To 
the work as follows:- 
For the muscles 
have oxygen and eni 
sider how a fire must I 
air and coal to make it b 


besides the m 
and clearer to deal 


a time.) 


TEMEN ———— VOICE BOX 
: 1 Am <a 


sedi 2 ~ 


———— TRANSVERSE COLON 


NIET m= = m e 


P 


\ 
| 
| 


SMALL INTESTINE 


————-—-— THIGH BONE 


ORGANS oF THE Bopy OF MAN 
(Class Picture No, rz in the Portfolio.) 
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Routine experiments | a l 
me x} riments on the UPPER PART OF ; 


air, such as 
idle or allowing 
"lass jar with 
r, will bring 
that one-fifth 
active part, 
ning and also 
four-fifths of 
of air is made 
The active 
This will 
red in greater 

ice course, 
are then 
know that air 
since we 
Examples of 
xpected are wind 
ind movements, 
vater, Birds and 
| not lift them- 

e no arr. 


and the lungs.—The 
for the class is, 
ygen get to the 

[he teacher gets the 
realise that the 
that the oxygen 
into the lungs in 
He questions the 
» fishes breathe 
kes use of any 
in this direction 
nature study or 
He makes it plain that 
the lungs work is 


tially the same as = Bt 
hes breathe. At this 
possible to show LOWER PART OF 


t it ts b 
a 7 line for Boys 
from the butcher's and . reproduced from S CIRCULATION 

inilate them. Before GENERAL COURSEAOR THB OO ME 


sa? 


f the class in the matte i ; 
i T sch | the goodwill of his D m. 
hikiren $0 early ero " 
if necessary the proc E. breathing 
"y teferred until the i 


in be d 


SUGAR AND STARCH Foops 


s 3. Porridge, 4. Cake, 5. Potatoes. 
Biscuits, 8. Treacle and Honey, 9. Rice, Sag 
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6. Chocolate and Sweets 
o and Tapioca 


TEACHIN 


ve are out of breath,” The teacher 


» the value of vigorous exercise, 
and empties the lungs fully, (Of 

no mention of such things as 
" complemental" air with these 
lso touches upon the value of 
^ open windows, The treat- 
‘mplified later in connection 
nd ventilation. 


the blood.—The next question 
Where does oxygen, from 
when it leaves the lungs?” 

t it is taken into the blood 
round the body to the 
ntroduces the lessons on 

! the blood, the work of the 
atory system and the lymph 


in find their own pulses in 
chead palpating with fingers. 


(009904 


n 
uch magi 
les or cells are m 

j corpusctes ina 


n in profile. 


see! th 
s Red corpus ieus. e. Healthy 


Seer bio 
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Broop CoRPUSCLES 


m 
ified. Some five mi ee 
of su the size of 2 r S 
si een fla a 
oat corp artly-digested bacillus. 
bacillus. J: J aes 


The work of the ar 
veins should be consi 
found, ; 


The work of the blood, 
summed up by the class 
Taking food and oxygen to 
blood; (2) removing waste c 
gas in solution, as well a 
products; (3) distributing | 
by muscle movement 
flushing the skin to lose 
making of digesti 
later) from the materia 
clotting over of wounds | 
of disease germs which « 
tissues, due to the presence. 
white corpuscles. The 
made up of colourless | 
float many red and 
needs to be specifi 


3 


too cr 


Goop ANIMAL Protein Foops 


8. Pork 


6. Beef. — ^ Veal 


5. Mutton, 


9. Poultry, 
375 


E 
o 
+ 


Fish, 


3. 


» J TEACHING IN 


urtesy of the Dental Board of the 
United Kingdom. 


nore amusing than instructive, 
ontrast to the one below. 


f the blood are revised the work 
‘erent constituents being restated. 


ergy-giving foods and the muscles.— 

nsidered how oxygen gets to the 
hildren must next turn their 
the question, “How do energy- 
to the muscles?" The 
etrol which is 
e and makes 
] is used up. 


the « 


wis get 
es the analogy of p 
e motor car engin 

sove until all the petro ed 1 
ws that coal under a boiler does similar 
slains that energy is needed in 
o enable it to 
obtained from 


He ex] 
xdv in the same way t 
nd that this energy !5 
ke sugar and bread and cake cs 
starches. The starches and x E 
-» transformed in the pus : 
a kind of sugar, W ic 

actual muscle cells 


UKE 


are 
estion into glucose, 


« then used up 1n the 


when movement tal i 
for the mover EN d d 
can be immediately absorbed | ; 
and used in the muscles that 

glucose sweets is now advocated. for 
energy-reviving, Honey is a 

of food which contains glucose, 


Other types of foods. The |, 
discusses the fact that food | 
to make us grow bigger. (He 
situation with wanting more bric 
house is enlarged.) These kinds 
also wanted for repairing 
foods are called proteins. 

Other foodstuffs that the body 
—fats, water, mineral foods, vil 
discussed and the reasons are fi 
should be dealt with briefly, but 
should be lively. (Macfie's T 
Benn's Sixpenny Series is useful 


soduced by courtesy of he B D 


it 
This poster is ere bout teeth 
a nu 
and d sophie dud pleasing ways 


[Rep 


care in 


will be made to food- 
revised and amplified 
g years. (See Section 


ail, page 410.) 


teeth.—The teacher draws 

rt played by the teeth in 
Es b. structure of 
consider the need for 
teeth. The question is 
wo angles. There is the 
eason for preservation, namely, 
kes for fitness; and there is the 
; , that is, that it makes 
d more attractive. The 
ese positive reasons, but he 
e teaching by saying, 
nd care for your teeth—” 
does not stress illness 
th. 
next deals with how to 
, under the following 


| help to preserve the teeth.— 
reason why some foods are 
help to build up the teeth. 
e containing calcium and 
stage in the course this 


cheese, all help to prese 

eese, rve the 
bes being out of doors in the 
Work is amplified later in 


‘the teeth by cleaning —Here 
d class discuss RS how, 
s to Some extent revision of 
the junior schóol. The 
Stress is the cleaning of 
hing at night, and eating 


Ee paot ons for 
ul point 

i understanding m 

be emphasised that 

to à very small 

of vegetable life, 

» Just as are school 


"EDUCATION 1 


. due to bacteria] a. tion. earth after rain js 
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emen or carters, 
kinds of schoolcl 


are 


children, or polic 
there are different 
carters, SO, similarly, there 
kinds of bacteria. There are two 1 
shaped bacteria, the rod-shape' d on 
bacilli, and the round-shaped on 
cocci, Bacteria are able to multij 
division very rapidly if there is pien! 
food and moisture about. A divistot 
two every twenty minutes, in fa 
circumstances, has been obser v: 
means that the one would havi 
eight at the end of an hour; and il t! 
supply remained, at the end of about « 
hours the one would have become, 
rate, some sixteen millions. 

Not all bacteria are harmful. It is | 
action that removes most organic 
us, a useful service actually. Bactet 
used in tanning; in making cli 
“ripen” it; and in many other mdustru 

Bacteria reckoned harmful to mar 
those which, in living in him as their 
each give out a specific poison called ¢ 
which causes illness. Examples of u 
illnesses are measles, diphtheria, intluenza, 
scarlet fever, the common cold. These will 
be considered later in the course. 


2 
— 
m~d 


: Cig 


ae 


Micrococci from Pus Tubercle Baci 
erc PACU 


l I 


l 


v. 


TERI 
| q 

AS QT X 
Ü i g®8a5 


Anthrax Bacilli 
acilli Cholera Spirilli 


TYPES or Ba 
i CTE: 
Bacteria are so small that Ser 


Microscopi Cai Sce: " 
no} Bee a pray do useful a othe ied 

1 J zi j 
Specific diseases. Th, e „others again Sak : 
$ oduce 


sea shore or of dam: 
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Teeth and bacteria.—One place where 
irmful bacteria find a ready supply of 
table conditions is the film of food 

urface of teeth; and soft, pulpy 

biscuits, and sweet, fatty 

chocolate, are specially favour- 


the reason for cleaning the regulation. This last fun 

` t night, and eating nothing dealt with in any detail 

n the day, since we are talking, difficult and should be 
food round the teeth to detail in the second y 

but this happens during 

teria, in taking in the food Soap and dirt.—The ci 
produce acid poisons which action of soap in 

ium or lime of the enamel, consider the differences 

the small openings so made soft water, and where each 

y can enter, are asked the questi 
makes a curd instead 

‘ss. This should be the next be demonstrated by sha 
work, It arises naturally from spoonful of soap solution \ 
ration of teeth cleaning. The and (2) hard water, and 
the importance of cleanli- amount of lather formed. 

» for teeth, but for the body between hot and cold v 
lhe introduction of the “Health the soap and forming tbe 
' Text Book for Teachers, by shown in this way, as ? 

en, gives a realistic approach Hard soap can be made 

: spoonful of EN 

: with a quarter of an 

MEE eM ^ hydroxide (NaOH). RU 

is added, the soap will rise 
soap can be made 
hydroxide instead, bu 
is possible. 


for this matter to c 
can begin with skin stru 
of the skin can be su plied, t 
by the children. These 


against water, protection 
riddance of surplus 


r NEGLECT 


Actual teaching on c 
or Te kept practical and sp 
of clean bodies an 
TEETH and of regular nail cuti 


facts about cleanline 
are learning the reasons 
grown-up view should | 
-to them. As 


Excretion.—t should be 


roduced ds the 
rep the class, toWArt* vk 


f a bookmarker S h Council. 


head piece o 


This bead pen Bermondsey Pire adolescent york, that only some 
ourtes 1 


H likely particularly to ap 
m 


boya 


p 


TM -- 
“s.e. 


* 


" 


dd needs of the body have been dealt with. 
Mis to be noted that excretion has not been 

wi with first year pupils. It is not a 
on that needs stressing greatly for 
fen, and is dealt with, as far as is 

» in Years II and III, when the 
-Will have got to know the class 


E: 
SECOND YEAR’ 
1 AGED TWELVE PLUS 


‘HEALTH EDUCATION AND 
FAMILY How EA 


THE FAMILY PRO. 
. . VIDES For BODILY NEEDS ^ 


| A N mt should be made, throughout 
d m to keep in mind the family 
1 pon view, in treating such topics 
be pcothing, (3) sleep and rest, 


ALTH EDUCATION IN 


SSS 


pert ttt sees 


a 


---- 


DIAGRAM OF A SECTION OF SKIN 
b. Flakes of Dead Skin. 
€. Coiled Sweat Gland. 


2 
t 
c 
CHE ! 
, 
ü H 1 
LEN un 
Haus Ue. 
; 1 
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` 
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Lid ib TE 


rr 


c. Outer Layer of Hard Skin 
f. Veins and Arteries, 


thoroughly, and will have built up a satis 
factory attitude towards body functions 

If the children, in enumerating the 
functions of animals, include reproduction 
it is suggested that the teacher should treat 
the matter, with regard to man, briefly 


nd 
and 
ina natural manner, 


S COURSE FOR PUPILS 


TO THIRTEEN PLUS 


(4) clean conditions, (5 


) care of ear 
eyes. x 


and 


The family ang food requi 
first lessons should deal Wi aee ob 
p and should teach how the body des ] 
de ifferent food Stuffs (1) by breaking a 
e food and changing it from a solic E 


D 


uj 
l to a 
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de 


more detail 

to make clear 
Vitamins, able: 

in minute qua ; 
of Vitamin B uld 


/ 
L 
7 
a 
> 
E'S 
j 
7€ 
x 
G 
Tux DIGESTIVE SYSTEM 
b. Gullet. 
ch. d. Small intestine. 
intestine. f. Appendix. ` 
g- Rectum. 
ch and 


liquid form by the teeth and stoma 
frst part of the small intestine; (2) by the 
,esimilation of digested food material through 
the intestine wall into the blood and lymph 
streams ; and (3) by the elimination of waste. 
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1 TEACHING IN PRACTICE 
4 man for his whole life, 


if it could be 
in very small 
daily foods; (2) 
from vegetable 
A and Vitamin D 
green leaves (not in yellow 
and their presence in butter 
merely because the cows have 


obtair i 
tained and distributed 


"es in some of his 
come primarily 
Thus Vitamin 


in 


na 


Hence summer milk and its 
nd New Zealand cream and 


pecially valuable as sources of 


B, is associated with wheat 
cast products, and Vitamin 
t products and lean meat and 


found specially in acid fruits 
ene tomatoes and again 
etables 

lass will find the conception of 
useful. For Vitamin A, for 
ra cow—man; or, for Vitamin 
cod-liver and halibut-liver oil, 
small crustacea—small fish 

cod or halibut—man 
fleet of partial shortage as well 
c shortage, because this is the more 
of affairs in this country. (See 


n on page 417.) 


Vitamin D and sunlight.—This is the next 
the teacher to take up. He explains 
relation of Vitamin D to sunlight 


ef fats), the unseen ultra-violet rays 
un's light can change the ergosterol 
the skin into Vitamin D. It should be 
^d however, that it is the ight rays, 
t the dark heat rays at the red end of the 
um, which do this. Hence early 
ming sun on the uncovered skin is the 
1 method of dosage, and too much a 
eat. as in sun-bathing, can be be E 
Lack of Vitamin D produces rickets, 3 
ieficiency disease rapidly disappearing 
s country. 
The following ta 
useful for class use:— 


thi 


ble on vitamins will be 


Chief 
Vita- 
mins 
A and 
D 


orange, lemon 
fruit; cabbage — 
EC 


The Italian proverb, 
seen, the doctor is un 
starting point round. 
on the values of th 
The values to be deal 
(1) The making of Vi 
above; (2) the mi 
leaves, on the enei 
either directly or 1 
grass-eating animals 
rabbit; indirectly in 
such as the fox or m 
vegetable-eating 
and drying of the 
light of harmful 
of when infected 
strong sunlight to « 

Diagrams on page 
spectrum shows the 


rays to other E 


HEALTH EDUC 


It is the ultra violet rays n 
the bare skin, can Pak 
| stored superficially into EARS 
oput of the sun's rays 1S associated W. 
oar infra-red end of the spectrum. 
m e an cause sunburn, and. too 
ad E. E to them is definitely 
prolonged expos 
coq of a potato plant show the 
value of sunlight. That on the left has been 
grown in darkness. 
The growth is 
straggly; no starch 
has been made in the 
leaves and so none 
has been stored, The 
plant on the right has 
been grown in the 
light. The leaves have 
made starch, which 
is stored in the 
tubers. 


make it up 
in falling on 


YOUR DAILY 
FOR HEALTH & S 


The dietary needs 
of members of the 
family,Now that the 
children have con- 
sidered all the factors 
in a diet, they should 
be ready to deal with 
the dietary needs of 
different members of 
the family, They 
should consider the 
muscular and the 
sedentary worker, the 
children and the baby, 
and also why different 
foods, such as meat, 
egg, beans, and oat- 
meal, are useful. This 


work, in the case of girls, should correlate 
with the cookery and housecraft course. 

As practical work the children could make 
posters of grouped foods for a meal for a 
man digging all day, for a clerk, or for a 
Schoolchild's sandwich lunch. Alternative] 
they could make Out à Week's menus x 
See a, on the 


The poster relat 
the beginning 
used towards 
revision, 


EQUAL IN 


[Reproduced by courtesy of the National Milk 


es beverages to foods. Used at 
of a lesson it arouses c 


the end of a lesson it 
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Beverages.— 
considered is m 


lk. The quano of t 
ilk should be c 
UE Brust. The 
Mud supply the fact pa e 
the cream of milk, and t E ae : 
add that there is also iie pr t 
sugar (not very sweet tasting), 


and Vitamins A, B, D and a certain am 


from this deduce 
the class the pl 
milk in the 
various membe 
family. 

The clas 
supply the 
different ki 
milk, and tl 
for its bein 
in bottles, or 


of C. The teacher 


Pasteurisa 
teacher should 
how milk ( 
kept clean 
cowshed and i: 
sit to the 1 
Pictures, filr 
slides are inv 
here. Th 
must also er 
the need for 
cows. By w 


practical, expr« 
activity 


OF 
WHITE FISH 


pt 


slogans and 
advocatin: 
The most va 
activity of 


Publicity Council 


uriosity ; 


enlivens be to visit 

j A Where clean 
Produced, if it could be arranged 
Tea, coffee i] 


and cocoa s d be 
B tes oa should be q 


at great lengt 
water supply 

Alcohol is n 
year, when it 
problem of te 


The teacher should , 
h, the importance 
to the whol 


e famih 


The chief beverage &. 


ral 


could make 


icalt wit 
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| How Uo family provides for heat balance, — 
“xt Section of the work with 

her should deal, Enough 
E od chee regard 
re ion to allow 

f heat balance being attacked 

t he children should understand 
of heat and energy is food 

! foods, sugars and starches). 
w that this solid food is 
nthesised into animal sugar 
taken round to the muscles 
lere the sugar is burnt up, 
of the muscle and the 
t result, (Here the teacher 

inalogy of petrol burnt in 
esulting in the car moving 
setting hot to the touch.) 

‘dren should supply examples 

when one feels too hot (green- 

ry atmospheres), or too cold 
tmospheres), They realise that 

t feel one's best for work in either 
me conditions. The children 

e to find the average tempera- 
room or of the air outside (a 

to 60* Fahrenheit) and should 

the temperature of the body aver- 
Fahrenheit, From these two facts 

| draw the conclusion that the 
vs warmer than its surroundings 

lose heat to them constantly. 

tion of bodies in general losing 
probably have been déalt with 
"the science course, and the 

( experiment and explanation given 
id vary with this. In the same 


} 


e t Ci ider i here: He j whai 
mount of tim spen on cons d ring ae . asks (s 

i " h he asses by conduction, win S * 
n which heat pe d = other Es 


a and radiation will be governed 
e science syllabus. 
mmediate and practical i 
heat and at the same time M 
id of some of it could be gend 
relief drill” in the classroom 


lows and door open. 


ical illustration 


ect rc 
x ra 
n- 
i This should next be co 
Ventilation. This s ad ae ron 


aÉered as onc aspect O 
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a crowd of people in a 
public meeting hall, or 
air in it, both because 
with their bodies and 
out hotter air than they 
children could breathe 
notice whether thei 
The teacher might 
busman’s habit of doing this 


explicitly stated, nar 
reason for opening win 
cool, stimulating air n 
so that the body loses a 
surplus heat, in order to | 
nor too cold. 


with moisture and 


the answer that moisture 
runs down, because the 
too moist. He inquires 

i f day for di 
bind avec sto De 
is dry and there is @ 
the moisture 

ound." He 


rea. 


balance, The Class | 
body loses five-sixths of 
skin, partly by ma 
by heating the layer of 
and partly by evapor 
drying-up of perspiration 
teacher should put a litt 
the hands of one or 
asking them to Tep 
feels like. They should | 
cold and that it evapor 
They should be made to 
feeling is the result of the 
further illustration, the t 
to the spilling of hot y 
and how the patch soon. 
the water is drying up 
same time. ae 
The teacher and class 


to 


The following concl 


The teacher should then 


L 


ConDucrors or Hear 
Goon Coxvucrors : I. Silver tea pot. 2, Aluminium Saucepan, 


water jug. 5. Brass fire iron 
Wap Coxnvctons: 6. Woolle; 


n jersey, 7. Tweed jacket. 
11, Tea pot (cbonite handle), “12. Saucepa; 


3. Iron frying 
s. 

8. Blankets, 
n (wooden handle). 
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pan 


9. Socks 1 
13. Shovel (wooden har 
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when the 
that 1s, 


one air is moist and dank and 
when the moisture-laden air 
ravel on so that less Saturated air 
The teacher then uses 
| make clear to the class that, 
Way, if the air in a crowded 
too moist and too still, (z) 
Will not dry off the skin quickly, 
! air will stay round the skin, 


| the room will feel dull, 


DV 


still 
tt 


its place 
its place, 


experiments, —Flugge's experi- 
binet full of hot, moist, still 
lrawn on the board and the 
isked to decide which man 

nd which sleepy. In the first 
nan is entirely within the 
for his head. In the second 
man sits outside the cabinet, 
by means of a tube, the air 
et. The children will probably 
the man in the second experi- 
sleepy and unfit, whereas 

the man whose body is in the 
in this condition. The 
drawn from the experi- 
made explicit, namely, 
still air on the skin is 


be 


be 


RED. 


Z EC 
7 EIL 


BLACK. 


p 


COLOURS ON 
BENJAMIN 


neces of youred cloth are placed upo! 
brat an j sinks íi 2^ 
4 £ in most deeply whereas W 
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LIGHT BLUE 


IMENT 
FRANKLIN'S EXPER 


now and expos 
nite absorbs least 


F 
The problem of 
he wearing of clothing 
regulating heat balance, 
I5 generally a matter of 
the body warm, but clot 
to prevent the skin’s 
heat of the sun, ‘ 
In order to link the kn 
in science with the pri i 
class should feel a numi 
hand, such as a cloth, 
wall, window-pane, ‘All 
TOOm are at room tem 
Fahrenheit, while all the 
room are much 
Fahrenheit. Yet some 
colder than others. These 
of heat because they have 
heat from the hand put 
class should consider | 
say which handle i 
there is hot tea in 
china one. The m 
of heat than is china, 
case, feels the hotter, 
the heat from the vei 


WHITE 


Va aa s p 


SNow 


d to the sun. 
nos and does 
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Sometimes serving tg keep out 

he body. He Sets the class to 

$ used for clothing, He 

ich serve best to show the 

those which feel warm to 

35 wool, tweed, silk, and 

er like linen, calico, of walking 

ng these ex Sj 

kinds of material Ges e and the a i 

h in hotter wegibe i A walk with feet turned out 

; and Some mention should be 

: chilblains by diet and 

hen consider the effect of ingrowing toe-nails by 

in the resisting of heat, cutting, instead of the 

‘sion that dark coloured used for finger-nails, = 

mer in sunshine than are The need for removing i 

because the dark ones going to bed, and of not 

rays of the sun, while the night-clothes, should be 

‘er coloured ones reflect the of the importance o; 

. regular changing of 1 

to a further conside 

ind woollen materials.—The relative ^ general, 

: water of cotton and wool T 

ractically and inferences —— Cleanliness.—The 

ed lesson on page 420.) be briefly dealt wii 

ildren decide which materials There should be a 

itside wear and which for of uncleanliness of ki 

the skin. The teacher should social acceptance, (2) 

that cellular cotton is now (3) family and communit 

be preferable to wool, for wear should fon zn 

because, while it holds air as possible and the teach 

is a bad conductor of heat, it this and sum BS nlight p 
n damp from perspiration more The d of sun 

wool, though not so quickly as the values oi a ; e 

body. Owing to these two outdoor activities Co 

body kin is cussed here, as We 

of cellular cotton, the skin ; alth ca 

: her than, as in the property and he t ý; 

and dry, Mal damp, This is a how the family can B 

| warm and damp. ise facts already 

vantage since such continual damp- me of them to practical fam 

nervating and predisposing to tions 


drawn to the need fo 
round the hee] and ins 
of room for the toes, 

bunions and badly fitt 
teacher Should also. 


— The next topic 


Clothing for the ERE of different 


ier is the need of cl ; | 

Fe E various members of the family uM s ad 
dini to illt work and PH T ae E | main 
: ling p: r the avoidance © Messages conveyed | 
t be collected = dee Es r4 


ihing such as tig ics 5 

Y ad "e phe and garters and EE and nerve arrange" 
pon nd thigh. Attention shou 

nd waist à : 


[Ph 
SMOKE OvER EDINBURGH 
off sunli; 


beneficial ultra violet ra 

nd clothing. Tt Prevents gr 
ake warm so that there is less wish te 
Smoke also induces 
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(ta 


the vertebral canal 


the 
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impressions followed by moto; 
be worked out from i 
ractical examples, partly supplied 

3 by the teacher, 
but mostly by 
the class, the 
teacher interpre- 
ting the events. 
It facilitates the 
work if the 
teacher deals 
with sensory 
responses first 
and if he post- 
pones discussion 
of reflex re- 
sponses, even 
if some are 
suggested by the 
class, until later. 


should 


Sensory im- 


pressions.—The 
teacher should 
consider easy 
sense impress- 
ions in order, as 
follows:—(x) 
Hearing im- 
pressions; à 
person hears à 
tram and runs 
to catch it, or, 
a child hears the 
school bell and 
goes to his 
classroom; (2) 
impressions of 


axp SriNAL CORD mell; one 
| the brain and spinal smells roast 
one side, showing f and says, 


ral arrangements of 
and their position in 


their exits 


oposite 


fall and stretches 


woman recognises â 
street and stops to 


to 


“Tt must be 
«xy. The spinal nerves nearly dinner 
m cst short and are .. g 2 
rd time;" (3) sight 

impressions; 


a 
sees a boo 


out to catch it, 
n acquaintance 


wait for her, 


or, a forward sees 


game beari 
the ball. ing down upon 


actions (often terme 
The children need ua 
viding further examples 
the whole example of the se 
Of its consequent vol 
"He saw a butterfly and 
should then state which 
impression—in this case, “ 
fly"—and which is the 
chasing. 
After a number of 
fully discussed the class 
how a willed action take 
no need here to discuss t 
(in the place of acti 
the arousing of vol 


Involuntary actions 
next deal with th 
which are automatic 
stimulus and are not 
are of two types, (1) 
(2) actions due to the 
system. D 
1. Reflex aclions.—This. 
work should begin wi 
menting individually wit 
knee is crossed and a sh 
of the lower leg, just bel 
should produce an unex 
jerking up of the lower | : 
teacher should point out 
willed action. Some 
sometimes it does not. 

diagram, 
blackboard diagr: idi 


is an example o a spi | 


v 


to the e 
contract an 
The class should coni 


of spinal reflexes, 


ae d 
;DUCATI 
re inborn and protective, 

4 away from a pin prick; 

nything hot which "e ae 

mistak ike; turning the head a 

blinking at a bright light. 
reflexes are sneezing, coughing, 

when anything tickles. 

| hen es ah toshow how many 

oluntary actions are learnt, as 

| reflex series of actions, in swimming, 
g driving a car, knitting, sewing, 

The class should be asked to 

her examples. 


N 


Nerve Cell in 
Grey Matter of. 
Spinal Cord 


arrows runnin 


ction —The teacher explains 
of growing up is partly one 
reflexes D partly one of 
rtain om happening, 
of new reflexes has been 
the teacher should now deal 
of inhibiting or refraining 
"tion. He should argue some- 


hurt or When it cannot 
EVI it wants, cries 
Taction is expected 

A child grows up he may, 
nie ances, feel like crying, 
| does manage not to 


* 


ON IN SENIO 
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inhibi eflex. At this 
cry. He has titipited the ie peat 
point the class will be eed ^ PPY ing beld 
Do E n edie is produced, or 
ing in a sneeze. da sid 
Pe e should make ae ; E € 
or“ manners" inhibitions, such as x ) $ : i ^s o 
and not snatching food, or not say opi . er 
thing one thinks in a new situation. a | s a 
remarks and comments about clot x $ ! 
under this head of actions to be inhibit d. 
Games make frequent calls upon indivi lu is 
to inhibit action. Examples are not throwit 


Nerve Cell ) 
in Spinal Ganglion 


| Segment of 
Spinal Cord 


(Reproduced from J, Argyll Campbell's Readable Physiology and Hygiene 
D 


y permission of Messrs. George Bell & Sons, Ltd.) 


OF FRONT ASPECT OF A SECTION OF THE SPINAL CORD SHOWING A REFLEX 
ARC 


E He Parallel E e the path followed by the nervous 
2 a enm E i ee ue Spinal cord, whereas the motor, or 


or afferent, nerve from the skin enters 


ord at the anterior aspect. 


or hitting as hard as one can in hockey or 
netball, but just the right amount 
the right teamsman. 

2. Actions due to the sympathetic nervous 
System.—The teacher next explains that 
besides the nerves that have already been 
discussed as being nerves by which we can 
control the action of our body, there j he 
Sympathetic nervous system. "This "odi 


nected up with the 
in, and keeps going 


and to 


body, day and 
ng aware of th, ir 


stances 
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nearer 


When * CTOS i 
~ en the cross disappears, it is 


k : then focused on to the blind 
(a ne experiment with the other 
t a Toss as starting point, 
! the reaction of the iris to light 
ild l oks for about half a minute 
) © a second child checks up the 
rtner's pupil, which should be 
l Ihe light is then turned off 
ther half minute, and, imme- 
ung it on again, the partner 
ize of the pupil again, It 
considerably bigger. This 
in example of an involuntary 


tion of the eyes.— The class should 
what is the family responsibility 
o eyesight. The care of the eyes 
ide the following points:— 
hould be no attempt to do fine 
read in a poor light. 


ivisable when reading to hold the 


cl to the eyes and not obliquely, as 
;ently done in reading in bed or 
down 
the eves are strained it is most 
to get early advice from a qualified 
occulist, not from an optician, 
‘in interest is in selling the glasses. 
important to wear glasses regularly 
s been prescribed, and also not to 
he frames of the glasses when cleaning 
Glasses worn crooked are not 
the work they should do, and may 
be making the sight more difficult. 
It is more injurious to the eyesight to 
+ write or sew with the eyes nearer than 
inches to the work. Against this 
sid be noted the tonic effect of cool air 
he (This may be outdoor air, or 
entilated room.) (Quam 
it should be made quite clear to u e a 
that to look at an object which 1s m 
Sjal ance greater than twenty feet req 
-ommodation, 
ace aes om aay a 
. lens thicker 


In consequence, 


nses 


n the cys 
air of a well v 


looking & 
to front. 
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objects, as when 
Tests the eyes; wi 
work” there has to 
of the eye on to the 
(The aim of the 
to give the chil 
may guard their ow 
in the hygiene pe Su 
teacher must active 


in| 


focus the eye on 
same way that he 


and in writing. If the doi 
under straining condition 
instance, fine sewii 

weakness of th es 
develop. Short 
twenty, and it 
the eye to be pr 
-school years. The 
become long sigh 
owing to a loss 


case of instruction 
teacher's first task 
understand the co 

the ear. : 


The construction and 
The teacher should 
follows :— 

i, Explain the th 

2. Get about three 
each to tap a glass 
and to state Mee, 
water in the glass mo) 

3. State that what 


drum an 
inside the inner cham 

The inner drum 
lymph is like the ` 


f 


ia Q d ^ 
1 Mu 
^ 1.87 


however, the water glass 
inner ear. "Into the lymph protrude 
of the auditory nerve. 
is set in motion the nerve 
yam ted and the message 1S 
ved to the brain and interpreted by 


són d 
LU 


aic "The Bod I 

> Cullis and M, p v 

Á 9l Messrs, Ivor Nicholson & 
t . 


EY Tux Ear 


* of the ear.—The teacher needs to 
the connection of the middle ear to 

mx by the eustachian tube, This 

care of the ear and the 
connection, of clearing 
as decayed teeth, sore 
ı because of the 
ear becoming 
ustachian tube, 


would inevitably 

Meat stress cannot be laid 

Bee of not poking things re (De 
because of the danger 21 mto. the 
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' people should sleep with the 


tening fashion: 
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Any child with earache ised 

y chi i hould be advise 
ild with eara hi s E: 

to go i5 the doctor without delay. 


ovision for rest and sleep. 


The family Ye t deal with the 


teacher should firs iae 
SONA of fatigue. He pe ar 
clear that fatigue can be [m p lys al, 
as from spells of muscular work, S 6) 
mental, which includes emotional fatigue 


| such as from worry. Mental fatigue should 


be discussed at greater length n the 
third year. The teacher explains that 
whatever the fatigue is caused by we 
must have rest from the activity which 
has caused this fatigue. At times, this is 
provided by a change of activity, at other 
times, more complete rest, as in sleep, is 
necessary. 

Conditions for useful sleep must be 
considered and these the class can partly 
supply. They include regular bedtime and 
sufficient length of sleep each night. For 
adolescents it should be emphasised that 
the body consolidates itself and probably 
does most of its growing during sleep, so that 
people who are still growing need plenty of 
sleep, starting early in the night. 

The teacher should stress the importance 
of the family provisions of restful s] 


‘ i eep- 
ing accommodation. 


It is important that 
S windows 
open (night air is in no way harmful) 
with light wool coverings. There should 
and hangings in 


a 
and furniture & 


A fact which n y 
members of the eds to be taught is that 


family should Tespect the 


sleep by other members of 
"reless turned 


connection, s 
A point that will; 
an will Interest the adolescent is 


and 


196 


enect of loss of 


deter 


AU sleep in any one 
bs ed in the reactions of 
hree weeks later, 


I umily and the Tàce.— If the question 
n that the family makes for 

ince is included here, it 

in their right setting, the 

fant welfare work and some 


GED THIRTEEN PLUS TO FOU 
PLUS | 


| TH EDUCATION AND THE RACE 
E COMMUNITY’S PROVISION FOR 
BODILY NEEDS 


possible, the year's work should 

ilt up on a consideration of the 

tutions in the neighbourhood. 

will be dealt with as the school 

tal clinies; the local ambulance 

the mine's rescue station and 

lay nurseries and nursery schools 

» with infant welfare. There will 

. consideration of parks and their 

wimming baths and of playing fields, 

with some discussion on sanitation, 

as on points connected with the 
s and Factory Acts. 

t such treatment will serve 

w angle, of the 

Í the senior 


p 


me exten 
revision, from a ne 
ne in the first two years o: 


x 


] course. 


and the schools.—The introduction 
p 's work might well take the form 
consideration of the provision made by 
mimunity for health in the schools. 

, should be treated from the point of 
( (1) the buildings of the school. The 
his section will depend 

building, and will vary 


cw t : 
snt dealt with in t 


up in the actual school 
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AP 
O 

Opportunity = 
this teaching, In EC 
the school to deal. 
from such teaching in 
animals, dealt h 
by classroom me! 
it, treating it as a 
family function, — 


greatly from school 
area to area, There 
teaching, and the 
considered as an 
desirable; (2) mi 


a national problem. 


the important 
these individuals 
community in return, a 
and maintaining of @ Meas’ 
to answer this queso ^ 
the hygiene work for í 

ear. It will be ; 

headings. 


à - into 

ate in tion is to put in 
pe vh Nu learnt about 
" Me . This will provide 
reconsidering bue 

addition. it will enable the teac 
the problem of temperance. 
teacher should deal with temperance 
de sense, meaning restraint in all 
restraint with regard to food, 
late hours, dress, sunbathing, 


-] teaching about alcohol 
be of this Best teaching on 
ce, The points that the teacher 
s to mak are;— 

I S arent poison, like ether 
and acts as they do. They 
tic junctions between nerve 

nd when anyone becomes more 
and noisy, after a dose of alcohol, 
is æ he is less self-critical and less 

re of what he is doing. 
"yd in, E partial blocking 
junctions, a small dose of 
à wineglass of port, makes a 
‘is more accurate at muscular 
whereas he is really less 
is for this reason that there is 
for motor drivers who do not 
' oe not Sik at all. 

; y supposed to 
the E m a dose of 
i as à warm bath does on the 
es the small blood vessels in the 
te, so that there is more blood 
in relatively and the skin feels 
d tends to ire. This means 

heat is being lost from the skin 

ody is being cooled, 
are the effects when 
»ocerate amount of alcohol is drunk, 
y bad for health, 
2^ did capacity, 
ve nan moderate 


E ve, and most 
gan find ot more amusing 


i E 


ne and money than 

1208. ce young 
they did, because they 
C» 1 
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say, keeping 
ir money ON, say, ^' 
prefer to spend er a a Lr drinking, 
B o in their advertisements try 
(e) Brewers in feel that they ought to 
to make everyone tee D remembesnd 
i d deal, but it must b "- 
puo i fit out of selling 
that -brewers make a pro 
E i ] should not be 
The teaching about alcoho = ante 
alarmist in character, attempting g - 
the listeners. The emphasis should rath 
training the children and awakening 
ur i t they will want to 
in them real interests that they de 
pursue in their leisure time, not mere love of 
amusement such as nightly cinemas. Sod 
movements as the Scout and Guidi 
Associations, the Playing Fields Association 
and the "Keep Fit" Movement, or any 
clubs or societies for people of similar 
interests supply this kind of emotional and 
intellectual satisfaction. It is a question of 
training in the right use of leisure, and to 
have given the senior school leaver some 
thing he or she definitely prefers to do to 
drinking is much better than any amount 
of teaching and precept not supported in 
this way. 


2. Rendering First Aid. —It will be obvious 
that a second way in which an individual 
can serve the community, from time to 
time, is by rendering First Aid in time of 
accident. The children will realise that 
though such help is not constantly required, 


yet knowledge is necessary if one is to be 


R 
EEF KNOT, GRANNY KNOT, 
The reef knot ; I i 
SES d always used in First Aid 


he more secure. 
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“mergency, This supplies a 
lying the subject. 

> should be made as 

ble. A number of the 

'one some of this work in 


ut or Guide work, and 
used as helpers or team 


t this age should not be 
nsibility beyond their 
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characteristic bottles; and in 
in school life, the training in contro! 
without Pushing or snatchi 

games and physical training, or 
of supports for catching in ya) 
leap-frog. 


Types of aid to he conside 
important point to be stressed is | 
Aid is only a temporary measure 
doctor 


should be in 
to practical 
£s as treat 
x fractures, 
in upon a 
ins materia 
knowl ECTS IN 
TH 0BJ re that 
LEE it woRKs CAUSE / included. the | 
long ff OVER 11.000, M The teacher. 
nool INJURIES A YEAR 7" emphasise 
ing i ò ) 
them "his kind of poster interests older n y as possible, 
rk. This shortly going out 1 ü ally the impo 
w are ctc 
trate pra jent, oF 
needs to stress de moving the p pe T 
Safety First.— The paar concerned, it mee gentleness and 
— accidents a the in js necessary. hi 
far as í -cident and so ovement is nt for " 
to avoid the acck f such care M ure points 1o hould be 
r First Aid. Examples o t barriers &ocad practically THE for K 


c cting street 5 
i constr keeping of 
g of the laws 
locking UP 
f them 1n 


crossings, t 
oad, the ope 
is round machinery, ei 
i and the dispensing 


aA iration, and 
of artificial e mats ). E 
(Gee page 400% 


E 


manual, such as Collie and 
Short Course in First Aid for 
published by Gill, is both useful 
e from which to work. 

points, —The iwo diagrams on 
ts at which pressure 
to control bleeding from the 
. I shows the position of the 
‘relation to the bones and Fig. 2 shows 
ies and numbered pressure points. 
where the artery is dotted, it shows 
the artery is, in this part of its course, 
bones, when viewed from the front. 
ur ts should be felt for with 

“the finger tips, not with the thumb. 

"phe arteries indicated by the different 
rs are those of (1) neck; (2) angle 
; (3) temple; (4) back of head; (5) back 
bone; (6) armpit; (7) upper arm; 
bow joint; (9) “thumb side” artery; 
xi qos artery; (11) artery 
d pa) thigh ; (13) artery behind knee; 
nts of ankle; (15) back of ankle artery. 
'or pressure points (7) and (12), a tourni- 
is often used to control bleeding, while 
e points (8) and (13) flexion of the 
hee over a firm pad is often used, 
terial bleeding is so rapid that it is 
t that anyone who wants to be able 
First Aid should have practised 
the various pressure 


s Eo beat that should be 


here (See article on First Aid), 


Sateguarding ourselves and others from 
| E will be clear to the 
cona ch the individual 
ard himself 


y trying at all 
and those around 
lage is - The teacher's 

to consider with the 
may be rendered, 
Prevention and 
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: "L" ark 

conditions, that is, when S 2 in qum 
vironment with plenty 9 ood 
im Secondly, he speak? 


available in solution. 


of their ability to resist adverse conditions, 


such as too great heat or cold, too dry 
conditions or even à solution of poison such 
as carbolic acid, by making @ hard, resistant 
spare case round themselves and waiting to 
emerge until better times. 

Droplet infection.—Ihe teacher 
make clear that in considering the ways in 
which infections are carried, two mw dia 
must be reckoned with, namely, à t 
medium, and a dry medium. Bacteria, 
example, are conveyed by droplet infection 
that is a case ofa wet medium. In a numbet 
of infections, of which the common cold 
influenza, measles, scarlet fever and diphtheria 
are some examples, anyone who is sickening 
for or who has the disease, is breathing out 
droplets of moisture at each breath, breathes 
out, in them, the specific bacteria of the 
infection in question. 

: If a person sits near to someone thus 
infectious, so that the droplets breathed out 


should 


for 


n ; droplets are 
ely to be dispersed and a sufficient charge 
se infection. 

bacteria. —This 


e to harmful 
a well-balanc, d 
rutt, (2) a Tegular 


bacteria is raised 


diet with plen ; namely, (r) 


PRESSURE Points 


> 


L EDU 
p “of sleep (with open windows 


et media for infection — 
teacher next s to explain m 
les droplets, Jets, infection may be carrie 
A di re in water Am milk and 
Here he stresses the import- 
water for drinking from à 
than a shallow well. 

i how far the Government 
care with regard to the prevention 
in this way. He speaks of how 
nent enforces standards of cleanli- 
‘is connection with the sale of food 
He ins, for instance, how 
be infected by the workers in the 
or dairy, or through washing 
‘in infected water. He points out 
is a nutrient fluid in which bacteria, 
ss or harmful, lie and thrive. The 
ill be able to supply other ways in 
milk is safeguarded, such as by 


ng it, 
res of bacteria and infection —The 
that the principal way in 
is DM pua ir bacteria's 
t. He says 
e must seen dust particles 


n the air of a room at some time, 


" 
iÈ 


e ed up and at 
í are breathing i 
dust into the lungs. s 
that the dry hard-cased 
very light and can easily be 
on these dust particles and 
" dark corners 
eavy hangi 
washable m. al 
and if these are 
; even à matter of 
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sunlight. —It should 
ay in whi h 
certainly be 


ia and 
_ Spores of bacteria an à 
be made plain that the one W 
these spores of bacteria can SM 
killed is by direct sunlight on the moter" 
out of doors (that js direct sunlight, no 
sunlight that has passed through glass) 
Attention is drawn to the fact that in some 
couritries, Germany for instance, M 15 3 
common sight to see the family bedding 
hanging out through the open window 
the sun. as 
Infection and cleanliness.—The 
should carry still further the problem of 
infection and dirt. He argues that, since 
spores of tuberculosis and of many other 
infections are known to persist quiescent in 
dark and maybe dirty surroundings, it is 
clear that dust should be “kept down ' and 
rooms kept clean in the home and at school 
Vacuum cleaners, which remove the dust 
without raising it first, are particularly good 
because they remove the dust in such a way 
that people are not likely to breathe it in 
The class will see that here is a reason 
why the home care for cleanliness is important 
both for the family and for the community 
The more people prefer clean homes, the 
more will they appreciate the same care in 
the streets, shops, cinemas, parks or sea 
Dom The municipal services for the 
Pues ol rubbish from the home and for 
in 
d Eod M clean, and for the supplying 
S providing E be discussed, the class 
iding the local facts and the 
teacher drawing the inferences and collat i 
Infection and dirt—T] anng 
Sider, from the abo lé group can con 
rubbi above, what happens if 
: AR from the family is left ab ^ 
not cleared awa about and 
settle on it d ome decays and flies 
D à » especially in hot weather 
ecaying organic mat eather 
atter should always } 


removed and disint be 
Telays of DRM egrated by the action 


teacher 


acteria are 
however thi 
and flies 


3 Ne 


s, wl 


ners 


This, 


hoea 


! for instance, causes 
among babies. The 
" complaint in hot summe. 
Doi n much lessened eines 
à moe motor cars and conse- 
‘bles with their horse manure 
used to carry infection. 
he uld not fail to stress that 
id ittracting flies, the family 
s t is possible to burn all 
» keep the dustbin lid 
nd to dispose regularly of 
class will readily see that 
‘ wel SS 
the 
flies 
careful 
ill 


ing 


ict which 
need to 
infections 
by 
infected 


| read 


wounds, 
hould be 
ponsible for 
precautions 
f any wound 
In 
it 
clear that 

f patients, such 
of patients 


harge. 


a 


way, 


neec 


rculosis, 


ised after use and to be kept for | 


nts’ use alone. Special care is 
behalf of children, for they have 
ired, as do grown ups to some 
power of specific resistance to 


fections. ; 
from infections.—Different kinds 


from infections should be 
The teacher should explain 
people, and some animals, are 
from particular diseases. 
are immune from tuber- 
are not. Italian children 
i to havea congenital 


munity 
wd next. 


[| une 
or instance, 
rile cattle 
w York were founc 
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All three injunctions are important. 
The third is often neglected. 


S 


immunity from diph 
PEE races conte t 
E Be next point to deal 
at most infections confer 
on the patient for 


varying 
for example, measles P 
small-pox. The common. 


slight infection of regulated 

to the patient; in the course 

patient makes in his blood 
which con 


nus 
0j 


Cleanliness Council. 


poisons, 
not all the same in effect. ' 
measles, for instance, produt 
blotchy spots which occur. 
ears; the toxin of pie : 
many pin-point spots OVE 1 
of dH fever p red 
chest frst anu ME i 
cold produces no rash at all. — 
Health pioneers ane i 5 
course of this work on ini 
at least can usefully ir 
of Pasteur, Who discovered 


of many illnesses WAS ® cif 
pare facts of his life are * 


^1 


IN SENIOR SCHOOL 4 


ic -A also on the 
munity care S ou dite as a means 
individual's living à | c the infecti 
of setting up & resistance to ts daoti 
The importance 250 ed eae f slee] 
and open windows at night, p ld b 
nd regular appetising food 5 see 
with again. This time the class will pt 
most of the information. E wiowi 

While to give a great dea wi 
information about the oo 
frightening and unnecessary, ] M = 
consult a doctor if not feeling Bt sila 5 
over a period of say, two or three we cies 
useful. The class should also be clear : 
advice about tuberculosis can be obtained 
free from the local tuberculosis doctor, 
that here, as in all illnesses, prevention 
better than cure. ; 

The two kinds of tuberculosis, bovine 

‘ human, can be briefly reconsidered, 
Louis PASTEUR connecting this work up with the « 
work on clean milk. l 
Health Education (Board of Education) and The treatment of the topic tub E 1 
ean be supplemented from reference books. needs to be somewhat different fron 
The teacher, keeping in mind the idea 
of service which should run through the 
work for the year, would do well to stress 
that Pasteur worked against difficulties and 
unpretentiously, but that the work he did 
has and is now benefiting people all over 
the world, including the group now remem- 
bering him. Such a treatment will prove 
worth while and give an ideal of conduct 
to the children, 

The class should be asked to find out what 
Tw t isti Manson, Madame Curie, 
er an ur A ; 
community ín the Mora ce à 
safer from disease and therefore pleasanter 
What they find out should form the basis 
of further periods E 


of work, T » 
be tbe subjects he men might 


of “celebrations” 
Purpose would be t 


to - emotional as well as an intellectual 
a 9 serve the munity in this matter 
pretention of infections, 
A. pen “i cening with tuberculosis 
li * be how to avoid i ; 
^ l etting t 
tion, and how this depends on du 
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OPEN AIR TREATMENT OF TUBERCULOSIS 


ing lessons while getting the ben i 
4. ! efit of mountain i 
f by clouds and smoke than nearer sea level in mnene eel s 


infectious diseases. The 
ronologically passed the 

of infectious diseases 
easles, mumps, chicken- 

re childish infectious 

ore consider their pre- 

r less objective way, as 

s a personal safeguard. 

the lungs attacks, chiefly, 
nge from fifteen to forty- 
ent therefore, the matter 

e and likely to be more 
iered. The teacher’s task 
w that it is a natural thing 
take precautions against 
rder that they may enjoy 
rs of life when they should 
rongest, having passed the 
n and not reached those of 


put on the available treatments 
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4. The employers’ care for the heal 
their workers.—In this third year of 
course, the school is dealing with p 
who are already beginning to tum 
attention to ways and means of earning 4 
livelihood, For this reason 4 f y 
in which individuals can serve ,e CO 
munity might well be considered. 
the way in which employers of Ja) 
the State by providing healthy conditions 
of work. Comparisons with school condiHion 
will prove helpful here and also serve AM 
revision of work done earlier in the ya 


It will be shown how there is an alle 
to provide good physical conditions § 
suitable ventilation, heating an illumi 
and, in addition, good psycho! 
ditions, with proper Te 

tion of unnecessary 
an “A” section some 
Industrial Health Research 


considered. 


HEAL 


A TvricAL HEALTHY BABY ASLEEP 


How the State co-operates with the 
individual and the family. Having discussed 
these four ways in which the individual takes 
his share of responsibility for the health of 
the State, the teacher should 
of the work already covered 
question of how the State co-operates with 
individuals and. families in this. 

He should mention the Ministry of Health 
and the local medical officer. The names of 
other health agencies should be collected 
from the class and discussed. In most Cases 
these will include clinics, hospitals, and 
welfare centres: the use of National Health 

Hospital Savings’ Services, 

In à new area anning might 
hand sanitary 
T Should also 
5, nursery schools, open- 


, a$ à review 
l, deal with the 


Insurance. and 


Pont of view. 
díscuss d 
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I 


air schools, and if possible ar: 
to them as well as to, say, the 
Works or a model dairy, 


Infant weliare. The subject 
welfare and its importance to thi 
should come in this part of tl 
subject for girls should be dealt wit] 
ally, as well as theoretically, in « 
with the domestic 


le c« 


Science course, It < 
n when 1 
pset. The 
accepted lar 
leanliness 


le of healt! 
houldt 


babies to the community s 


)e dw 


4 
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HEALTH DEPE 
NDS UPO 
AND NURTURE TURE 


hould next draw attention to 
upon which health depends, 
c and nurture; to the fact that 
y at birth may fail to grow 
cause of undesirable sur- 
conditions; and, on the 
a weakling, however 
oes not stand the same 
ming a vigorous, healthy, 
of the community as the 
ire is healthy in mind and 
clear to the class that a 
family, not only has to take 
thy upbringing, or nurture, 
but also has to give thought 
which determine the nature 

hal 
will be quick to realise that 
rt of the health course, up to 
dealt with what the com- 
ndividuals and, also, great 
lone and are doing to ensure 
hey will, therefore, probably 
ider what has been done and 
; with regard to the question 
wre and personality. It should 
ed out that there are two great 
vorkers in this field. There are 
have worked on the problems 
nd those who are doing research 


ands and hormones. 


id 


MY LORD & HIS SLAVES, 3 


The amount of time given to 
n of heredity will depend on what 
vered in the biology course about 
racteristics are inherited. (See 
In any case the start for 
from the simple non- 
ally used, such 


Heredity. 


heme 
heme 


rk should be 


` ich are gener 
Mer els hy p ava peas, Or the 
n fowls. i M — 
However the work 1s done, whether 1n m 
ria time for the most part or 12 d 
um conclusion to be ma rhea! imme bow, 


ae time, the t ; de 7 
for health education, is as e pays de 

d haracters such as relative tallness, 

d ciii > * 


TT 
it 


Iu 


hair, musical ability, cannot 
iain characters can, however, 
Ihe chance to develop to the full by 
vironment. This good pun. 
ss (1) the optimum conditions for 
] D od d ibe chances of finding 
one can do best and of getting 
ng that line. 
i hormones.—Research work 
1 to glands and hormones is of 
n than such work on heredity. 
ie toy one which demands of the 
her much thought and tact. It is here 
laced at the end of the three year course as 
requiring a certain maturity of outlook for 


nding. 


a or ductless glands.—The teacher 
the topic by stating that the body 
ays of sending messages from one 
to another, so that the 
i rts shall work together and so 
he who shall work in relation to its 
xternal environment, He asks the class to 
way the body sends messages. He 
is the answer that messages are con- 
, by the nervous system. He revises 
ly sensations of hearing, sight and 
t and the appropriate muscle and 
responses, This is work covered in the 


her then states that there is 
| Z Which the body sends 
that i by means of hormones or 
‘Messengers, which are manu- 
coded ductless oat the 
passing directly from 
into the capillaries of the 


ise of hormone 
nd in m the blood stream 
Op b nube tll the 
n. The reached and the 

E omg Acher stresses that 
bo but » Oes in the bloo a 
jal at an effect only 
*ptible to tha 


üt 
h t particular 
* ^ 


Ds 
DE 
+ 
) 
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The teacher recalls h 


of the liver, kidneys, 


etc, accumulate in 
it by a duct. He 
the hormones d 
but that they ar 
as it flows throug 
glands. 
The next 
are two kinds of hormones, (1) 
ducing a temporary effect, and (2 


the gland 
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ow the secretion 


sweat glands, 


and leave 
then explains that 
o not make use of duct 
e secreted into the bloot 
h the tissue of ductless 


point to develop is that there 
those pro- 
2) those 


producing permanent and cumulative effects 
on the metabolism. 


T2552 


Tue Posrriox 


., Gland i 
italics. 7 which 


are ductl 
The pancreas has both 


- Pineal, 

‘3 Soar. 

- Par, 3 
Lu hyroids (4). 


- Large intestine, 


Small intestine, 


OF CERTAIN Gr ANDS 


In function are in 


functions. 
: Tear. 

* Thyroid 
Í. Thymus 


h. Stomach, 
k. Panc reas, 
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Hormones whose effects are tempor: 
ary.— 


s This is the name given to the 
‘ven out at the lower pyloric end 
ach when food is ready to, and 
E issed from the stomach to the 
cire ulates in the blood until its 
in the pancreatic tissue causes 
juice to be secreted and in 


tion to be 


continued. 


n its tissue the 


the disease diabetes. 
eviated by the inject 
again, à hormone 


the 


i drenalin. 
given out by P 


wl 


I 


se effort, either 1n 4 
usually in civi 


«ucl 


DIAGRAM OF SECRETIN 


« are to indicate that the secretin 
reas tissues via the blood stream 
intestine. When food passes the 

z from the stomach, secretin is stim- 
into the blood stream and so to the 


Liver 


b. Stomach. 


Pancreas d. Food. 


retin 
nsodenum. 


The pancreas also manu- 
hormone insulin. The 
insulin in the blood regulates the 
hortage of insulin 
The disease is 
ion of insulin. 
that helps to 
t, and so belongs . 


sugar there. S 


metabolism constan 


, second class of 


ich are situated 


f we need suddenly 
r in attacking 


| às dodging ? 


This is another 
art of the S 


f: Pancreatic juice. 


hormones. 


example. 
upra-renal 
just above the 
to make a 
an enemy, 
lised life, in rapid 


fast car 1 the 


AME 
9 


highway, we p 
Eu glands | 
arge, into the blood y. 
capillaries, extra EC i 
The effects are well 
by a dog; the hair of 
the hair of the tail 
of the eye are dilated a 
and belligerent app 
frighten enemies from 
X-ray photographs 
show that digestion 
glycogen, or animal starcl 
in the liver, is quickly t 
be used for muscular 
clots more readily and 
loss of blood if there 
animal is able to n 
quite outside its range 
called “cold blood.” — 
It should be pointed : 
lose their tempers ri 
provocation have spe 
supra-renal glands. 


Hormones whose | 
and eumulative.— 

i. The Thryoid 
hormone of the en 
that name. The thyro 
manent and cumulatiy 
bolism so as to affect 
ism. Children who 
remain short and fat 
mentally. They can ! 
doses of sheep's thyroid 


bone tissue. 
secretes too MUC 
blood, giantism - 
effect upon gro 


c AES 

IEALTH EDUCATIO 
me c ass it may be advisable to 
a eases of hormones and endocrin 
‘those given above. In classes 
1 puberty has been 


of 
in the hygiene or the 
‘the following additional 


y be dealt with. 
thymus hormone.—The thymus 
‘the chest under the breast bone, 
tend to delay the onset of puberty, 
T F growing up." 
hormone—On the other 
gland, situated on the top 
appears to hurry on growth 
. Thus the secretions of these 
work against one another, and 
their opposing effects. 
‘ bagi of the gonads —The 
‘the gonads give out hormones 
ite the development of second- 
es, such as the horns 
stag, the beard and breaking 


void hormones.—The four 

which are smaller glands 
e tissue of the thyroid gland, 
in function, control the 


temperament, or 
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metabolism shall be quick and so the body 
thin, or whether metabolism shall be slower 
so that too much fat is readily stored. 
Races show inherited. racial differences 1n 
endocrin gland pattern; some are cone 
sistently tall, others short; some are tempera- 
mentally more vivacious than others, some 
are more stolid and hardworking; and again 
some are more pioneering than others. 

The teacher must now strongly stress the 
fact that while temperament is inborn, it 
is the part of intelligence to modify and 
control the emotional reactions. For example, 
anyone who cannot feel indignation, righteous 
or otherwise, on occasion, is not normal 
Nevertheless, in life, as in boxing, the person 
who controls that temper is the more 
likely both to get his own way and to be 
respected. 
apes some people have more difficulty 

getting themselves to take initiative; to 
persevere with a piece of work begun; to 
do any work at all, than do others, and 
success often depends quite as mu 1 
this emotional control as on havin y : i es 
intelligence quotient. The m ` ve 
^e i0weve 
is likely to help the other, and envi € 
(to a large extent provided b th rtc 
and training help both, ars 

is naturally leads the teache 
the consi z Sac her on to 
ideration of the meaning of mental 


health. 


acher 
eration 
He should 
alth, taking 
hould show 


and for th 


: e : 
See detailed lesson community 


as a whole, ( 
on page 433). 
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LESSONS IN DETAI, 


INTROD 
. UCTION while approaching E 


Y n 
E wet ee a number of m and more mai 
orked out in greater detail ...,* !Btroductory 
w more fully the method Joints has been c 
wi ll as the content. abstract treatmi 
lessons are as follows: od 
natural inte 
nnts enlisted. , gti 
of Foodstuffs, 2. lesson on clo 
show one way in wh 
an active eat in the “I 
iwal Foods and Vitamins. by means of sir ; 
Relative Values of Materials. did x exe 
ment. . shou! 
ments are inserted 
Graphs—Their Use for Show- children to dr 
it« of Public Health Work. understand. 
Ihe Fight Against Them. apparatus or reage 
of a Healthy Outlook—The Children than the ; 
Mental Health to Physical ne: pu own € 
est for the prese 
How to Discriminate when Buying ot d ae we 
eads to parrotlike men 
indigestion at the sam 
rk of the last year of school life Statistics and chari 
ily the most difficult for the in most of our ev 
to organise, because it involves certainly “come to 
together so many threads and reading of the exp 
explicit so much which has been the field of health n 
ilv assumed. It is on this account ance with the g 
the examples of types of lessons are for this m 
merous for the third year than for inserted. o ne 
rst and second. years. duction M DR 
5 will be noticed that there are three in the year the chix a 
e 7 This stated earlier, is use of the knowledge in 
ns on food. This, as ; lec throughout the year. 
rder to give an example 0 The lesson on ii 5 


nlanned on a spiral method. It is to ensure WW 
at though food appears in i E to in Hm. 
that thot : : 3 
or each year, the wor in t € S N 
- = pi- third years shall not be mechanical ae a P EI 
“tition of the work OL prenom E n m 
de] er in the course a 
The lessons later un is me a duoi inan 


and revise the mat 


ELO í 


more and more ee 
teachers show à reticence to discuss 
pic with their classes. Undoubtedly 
" yed by the teacher in lead- 
fae to a healthy outlook should 
argel indirect, a matter of example, 
M mation and encouragement, but “ school- 
" who have grown to realise that 
bodily health, are ready to accept like 
i bility for their mental health, if 
he matter is made explicit to them. 


on, on mental health, early in the third 
year because if he waits his class will 
probably give him a natural opening for 
such discussion. The teacher should then 
strike while the iron is hot, and set aside 
‘the more routine lesson he has prepared 


period, 
“celebrations” of some of the 
s of health, such as Davy, Lister, 
ur, Ross, Koch, Starling, Florence 
ale, Madame Curie, should find 
ce in the health course, a further 
of inspirational periods might be 
oted to Nature's great gifts to man. 
period might be given to each of the 
ing:— Sunlight, Fresh Air and Oxygen, 
ir, It should be noted that for the 
of ze "celebrations" detailed pro- 
B pem necessary for the children, so 
| c od may feel they are taking an active 
" ] "an proceedings. 
1 Sa 
. FIRST YEAR LESSON I. BONES AND 
JOINTS 


B m o lue. 
3 To arouse the child' 
Anterest in the framework of his body. * 


; M of lesson.—The lesson aimed at 


is informal class 


n (as 
h m h to a continued, 
by = teacher) together 


a ret 


of incidental 
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hey take responsibility for their own P 


teacher should not give this kind of - 


experimenta] -i 
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are blackboar: | 


paper manikins, 
The 


Requirements. The , 
ches and fairly stou 
Hs for each member of the class. de 
manikin is hecktographed and cut out, a 

blank, its size being 6in. to Sin. high. On 
this manikin the children “fill in bones 

on the back and front, as they locate and 
discuss them. Thus the collar bone will be 
ut in on the front of the manikin and 
the shoulder blade and the spinal column 
on the back. 

At this age the presence of à skeleton or 
of isolated bones would tend to destroy 
the idea of bones as a part of a living organ 
ism, capable of growth and modification. It 
might also arouse unnecessary emotional 
display from children not yet trained to 
respect the human body. 

As with other nature study, 
specimens are not used as substitutes for the 
living form studied. Physiological wall 
sheet diagrams, while not used for the 
actual class teaching, are useful to individuals 
afterwards for reference. 


museum 


Facts to be taught.—Before actually pri 
paring the first lesson, the teacher needs 
here as always, to decide on the facts to be 
taught in the lesson series. In this series 
these may be summarised as:— 

i Examples of bones. (The teacher doe 
not first give a definition of bones nor stat 
what bones are; he works from T e cl ild’: 
Hm knowledge and interest first, | 

2. The work of 
of this. 

3. The 
the work cud Eon 


the bones, and arising out 
e structure, that 

» hat 
value of the skeleton 


as a 


4. The com zas 
: 3 position * 
1s maintained, of bones and how it 


zt ‘he thumb from the fingers, 


there ar 


feri 


x - of the palm. 


they know and like; while trying to 


new interest he builds on one that 
j strong. One principle can be 
nany ways, and there is obviously 
ne way of arousing interest in 

The following is a Suggestion 


lesson.—The teacher asks, “If you 


to make a kite, what part 
make first?” He expects the 

Ihe frame," and adds that 
called the skeleton. He con- 
ing, “If you were putting up a 
ing à big building like a picture 
would need frameworks, and 
an be called the skeletons of the 
i ling. 


\ 


t asks the class to give examples 

frameworks. The kind of 

probably given would be the frame 

fish; umbrella; the foundation 

ft toys," He adds that crabs, 

nsects, snails and mussels have their 

outside, not inside. He tries 

| the class why this is a less 

» for living and growing creatures. 

icher says, "We have a frame or 

| the same way. See if you can 

t of your own framework or skeleton 

Feel your head, arms, legs, 
Can you feel their frames?” 

new word “skeleton” acts as a 

through the lesson and is always 

with the familiar and descriptive 


or 


rn 
elf 


frame."’) 

F onvenient for the children to feel 
nd. They are told to e ui 

to feel and count the bones in 1 
sd bones are there in the third 
| in the second finger? in the am. 
Bv this time the children will, o: 
» accord, be finding out the difference 
E namely, that 


to the hand 


er’ 
r owT 


sre two bones, not three, 


the children to 
the 


ection 
Time is then à ; 
sd discuss WI 
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FO] 


2x 
connecting. with each 


"e 
and leg are considered, 
etc., are also felt, As 
bone structures, the t 
the reason for general 
of the skull allows | 
and the force of any 
the eye socket is de 
to injure the tissues 
than the eye itself; the m 
ribs protects the heart 
are adapted for takir 
less heavily made but 
used for a wider ri 
legs and feet. - 

The teacher also 
bones are too small « 
felt readily. Thus he 1 
wrist bones and adds 
diagram (bones al 
sugar). He does the. 
seven ankle bones, one | 
bone, can be fel 

While the children | 
arm the teacher puts “lin 
on the board, and p 
resemblance in structu 
in so far as the work ¢ 

All this will be revised : 

fresh angle when d 

At this point the 
unity of the skeleton or fi 
the bones consider 

He shows three 
which will not take 
alone. When the three 
however, as shown on 
can support much great 

The class can probal ly 

t in the root beam 

BT hall roof. The c 

asked to supply eme 

supports, bridges, ete. $ 

This leads to the que 

would conclude 

lesson period. 


— Tm TEAM 


ng off on their own limbs, 
E the remainder of the 

ib plan" diagrams, which 
duced step by step as the 


interest the teacher su, 

ggests 
find further examples of 
on: », They might further 
ae What can you do 

ha you cannot i 
ope i^ do with 
that of the facts to be 
beginning, only the 
on in this first 
m others see page 367.) 
ve names such 
E , Scapula are quite un- 
een Such as facilitate 
c y, and not so as 
seem difficult and dull. 


To show tha 
^ that vari 

» necessary to health ad 

irc of food serves 

oe Hong the actual 

j E from 


Eve Systems, 
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end of the period, the . 
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n that the approach to 


and it is for this reaso 
from this angle. 


food and digestion is made 


esson 


— The teacher begins his ! 
by suggesting that the children consider 
what foods are bought from some of the 
shops in High Street. 
In order to prevent diffuseness he suggests 
they consider Smith's, the butcher's, first. 
(A scheme showing the different types of 
food is going to be built up as the lesson 
The teacher actually begins it 
the sake of convenience with 


The lesson. 


proceeds. 
now. For 


= ——J 


INA 


— 


m edc 


22 
eC 


Lin 
1 B PLAN oF Am iu 


EG 
4. Kneecap, 


Tinting. only : 
flow bt the cm e le i dm 
» be inserted is ind; where the parts are 
oa : rted is indicated.) 
ie teacher does not spend time asking 
š to wee hi v are obvious 
' bu : uy from the 
. ^ut he shows the class his line 
ire by saying, " Let us consider why 
of mutton and joints of beef.” 
teacher uses an analogy, some- 
vs. If we want a car to go we 
' at in repair by having, for 
pare wheel to put on when the 
*s wrong, or by putting on 
d bolts, (If the class consists 
irls, the sewing machine would 
tter illustration than a car.) In 
wav it is necessary to replace 
of the body which wears away. 
we replace spare parts in the 
similar parts, so we replace 
e by similar tissue. 
cll of the body is a substance 
This same substance is 
other cells—in the cells of cows 
| for instance, and so we eat the 
of beef and mutton to supply more 
the cells of the body. 
tition, our bodies not only need to 
n a state of repair, but, so long 
re young, growth should take place. 
also necessary for this growth. 
put up on the board the first import- 
+ we have learned about foods, and 
remember that from lean meat the 
y gets protein, the foodstuff which is 
ery cell of the body and which pr au 
t both for growth and repair of tissues. 
» teacher then suggests that the 
think of purchases from Jones, 


‘Ente board.) 
(Enter on jogy betwee ‘ke 


protein. 


Iren 
the baker. 
He returns to the ana : 
otor car and the body. The E m: 
- trol, that is, fuel, which 1s purati p 
order that energy may be prode Pr 
tbe back wheels round and Ei te od 
In the same way the body n ; s bee 
(fs that give heat and so P 
foodstufis a je itd ate 


the body, to enab 


foodstufis are 
attention to ca 
and burning.) 3 
All kinds of starche 
carbohydrates, Starch ; 
im sunlight and one of 
1s stored is in the o 
Therefore, since bread 
bread is a carbohydrate 
the starch is ch 1gec 
can be used in the mi 
Let us enter up on 
important fact that 
foods, and let us rem 
biscuits and cakes ] 
and sugars, that is, car 
foodstuff which serves as 


DO 


Let us next go t 
and consider a third foc 
supply. This time 
counter, and consider b 

The body needs to be | 
foodstuff that serves 
some form. Some of the 
the skin and someis bu 

We can now enter 
important fact 
remember that from 
body gets fat, the foo 
keep the body 
should now contain the | 


Jones Baker 


a iy . 
EALTH EDU 
i 
this work on food is finished 
Jine will have been added:— 
s Green- |(a)Miner- Body- Oranges, 

wer al salts | regula- | green 
1^ — \(byVita- | ting vege- 

|. | mins tables 


he t 


| 
in the lesson is for the 
i th the class other foods 
1 the foodstuffs protein, carbo- 
He prepares another table 


xy — 


(Reproduced by of the Nationa 
Milk Publicity Counc 


vam protein fet the chart, stating which 
ard (see Table II) and gradually 


DNDION- 
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goes on to say. that all of us, particularly 
growing boys and girls, need to have some 
good protein of animal origin in our food 
every day, so that it can be built into our 


bodies, The children state which foods on 
ditions—lean meat, 


the board satisfy these con 
milk, etc. 

The teacher then emphasises the fact 
that about the best and cheapest form of 
good protein is milk. He also gets the class 
to note that a fresh herring is as good as à 
similar amount of beef and usually much 
cheaper. 

The children find a certain amount ot 
pleasure in giving lists of things, so now they 
should be asked for foods in which sugars 
predominate. They will probably give jam, 
sweets, chocolate, honey, treacle, raisins 
ve Eo should enter them on the 

rd. 
Sa the same way, the list of starchy foods 
should be collected, say, flour, bread, biscuits, 
cakes, breakfast cereals, oatmeal and porridge 
E = potatoes and bananas. - 
e class can quickly decide fror hic 
E i hee carbohydrate et ac 
_ This step should b Kn 
list of the third Hus : etes | 
On the list should be bitter. i g = 
É er, lard, cream of 
n milk, Suet, cheese, yolk of eaa d : 
eacher will probably h OF egg. The 
this list. y have to give help with 


The board now shows the following : 
g: 


TABLE II 


, Foodstuff Examples of foods in which the 
ind i Foodstuff i " 
d 0 uff is found 
(a) ros meat, lean bacon, poul 
À sh, eggs, milk, chees aji E 
Carbo- a ae E j 
: am, sweet: 
ydrate t treacle, fair po 
i } 
UE bread, biscuits, cake 
b ast cereals, oatmeal, ii 
tae um Se, potatoes, banan E TM 
er, lard, cream of milk s 
» Suet 


LUST E _cheese, yolk of egg 


TEACHIN 

As in t! 
in the case of Table I, thi 

ed te later in the lesson. Eur 

cher, referring to this sec 

her, : ond tab 

which class of foodstuff is pu 


Of 


"A M 
« There ar 
àre of course t 
rotein and fat. TA 
ts the 


s _ question with, say, eggs 
By this time the class will have 
me foods consist of more than 

! foodstuff and therefore serve 
n more than one way. The teacher 
às a further example of this, 

n fat as well as protein, whereas 
like cod, contain no fat. He 
s the better food, He further 
"ch questions as why a suet 
*ry acceptable on a cold day, 
being because it is mostly fat 


ts out that though we often eat 
in the fat of meat and bacon, 
ften eat it as part of a food, for 
lard which has been used for 
fish, or for putting in the cakes 


her again, at this point, asks the 
the names of the three types of 
iready discussed. He then points 
we want all these foodstuffs in 
in bulk, as we say. The children, 
n this serves as revision, can decide 
nd of foodstuff we eat more of in 
av, tea, dinner, and so on. The 
points out that though we eat much 
:bohvdrate bulk than any other 
vet we must have foodstuffs of 
kind for health. 
; preparation for dealing with foodstufis 
we do not need in bulk, he says that, 
moment, they are going to discuss 
mov i coal. He asks them to 
pape rd lant, that 
that wood is part of a plant, i 
which is made ion wood is also o 
rigi so is coal. É 
H th zi pers demonstrates, what is v. 
eres r4 rood, paper or co: 
chind when a piece of wood, Pa iat hid 
burnt and all the flame ee 
e The children eventu ly e 
He states that this ash is the minera, 


í 


" a 
G IN PRACT Gp: BOR 


able part of the woo 
points out that just ; 
matter in them, so we nee 
certain small an 
they are calle 


clear evidence that we 
or calcium is in our 
This lime in our tee 
from our food. Lime 
bones, to make them 
is needed in the gen 
There is a good deal 
oranges, and in milk 
contain some lime, 
the needs of the e 


iron in the blood, and 


collected. 
The teacher nex 
important part of - 
These are obtainab 
greengrocer foo 
small quanti 
because without 
us the good it 
liver oil, all supply 
To revise the | s 
the class might consider 
purchasing foods : 
greengrocer. His nami 
added to Table I (see 
Dealing with vari 
vides a good opportun 
discuss the chemist's. 
we should not make 
chemist's, t md 
e way that we ma 
sa aker’s, He explai 


(The teacher WORTE 
that some things $ 


r than medicines, such as halibut 
and therefore safe purchases.) 
“still one other important part 
| that has not been mentioned, 
jy, water. It is not bought from 

but is so important that every 

has to bave its own supply. The 
consider briefly the ways 1n 
js used in the diet, (1) for 
for cooking vegetables, (3) for 
steaming other foods. In 
of course, it is contained in many 


^" 


^ ts the complete treat- 
4 during the first year. It is not 
it should all be dealt with in 


of expression work will 
hemselve with such a topic, Classes, 
mee, find great pleasure, and profit, 
kitchen table and arranging, 
ng foods on one end and 


uce slogans and posters. 
mineral salts they might be 
n one UN the following, “It 
dy has in it enough lime to 

hencoop,” or “There should be 
a in the body to make five tin- 


OND YEAR LESSON- I. FOOD 
ar To run Why we should 
«—The teacher opens the lesson 


of their discussio 
the sun affects food applies. 


d showing 


le answer is 


then su 
i PPly, 
eof starch stored in o 
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Likely answers are in potatoes, wheat, oats, 


nuts, peas, beans. . } 
The teacher says that starch is an important 


food substance with which we are familiar 
There are other important food substance s 
which are not so well known, but which, like 
starch, are formed by the action of sunlight 
on the green parts of plants. They are 
called vitamins and are usually described 
as accessory food factors, because, though 
important, they are not found in bulk 
but in minute quantities. They are n 
fresh food and we get them by eating such 
foods. There are four chief vitamins, known 
as Vitamin A, Vitamin B, Vitamin C, 
Vitamin D. Though they are present only 
in very small quantities, shortage of them in 
our diet prevents us from being healthy 
in different ways. 

The teacher discusses Vitamin A first 
This is the Vitamin that makes us grow 
properly. One way in which we can get it 
is from such things as green lettuce leaves 
eae eae by what we call a 


Sun 
shines on 


Green (outer) lettuce leaves 


which are eaten by 
Y 
Man 


1 This food chain 


the blackboard. is built up in this way on 


with 
d tomatoes 
9 us; but he 
h the difficult 
ts making up 


the 


question of 
chlorophyll. 


ay 
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The teacher tells the class that closely 
associated with Vitamin A is Vitamin D 


^S 
are better than 


reminds the class { 
which helps growth and makes bones and pens in the winter, a 
teeth hard and strong. 


hay and clover, — 

The next point to | 
Vitamins A and D c 
from cod liver oi 


Vitamins A and D are found in milk. The 
hain that reminds us of this is;— 


Gur oil, these oils 1 

'"" the livers of these. 
a is stored. The | | 

— still— 

Y 

sTeen grass Ee 

eee shines on 
LJ 


ence is obtained 
MT Cheese, Butter, Meat 


eaten by 


v, 
Mian 
dan 


teacher points out that the are | 
der supply the vitamins 1n su e 
t h ý xiv d the cow has been fed on Small Fish 


i ter 
« and so summer milk and but 


eaten by 


seit and i 


eaten by 


The teacher mu 
that the vitamins, 
stage and transi 
stages to man get 


e B.B.C. 


— — iRaprsducel by courtesy of th 
[Repr One ANOTHER IN 


7p ON 
rminos DEPEN 
— zs 


How t SEA 


discovered that rickets 
due to shortage of Vitamin D, 
been prevented and is much 


^s Bid point is to explain 
and m-ups can make 
aside themselves if they have the 
alling directly on the bare skin. 
fat, such as beef or 
we eat a certain amount of a 
ol, and the sunlight turns 
is stored just under the 
T o Vitamin D. At this point 
Jp be asked if they zs 
al air school, and i 
ho Fat this making of Vitamin 
n why open air schools are 
recovering from illnesses. 
snext dealt with. This vitamin 
ədy's resistance to illness and 
getting spots and blemishes, 
) as colds. The chains for 
e short, It is found in oranges, 
grape! it, tomatoes, pineapple, and 
les, and cooking destroys 


‘Suggests that the children 
ns for Vitamin C and, say, 
Sun 

shines on 
atercress 


eaten by 


r B, is different from 

the 
IL withstand à certain 
that is, it is not destroyed 
reasonably, 
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Sun 

shines on 

ae grain 

which is used to make 

Bs ous (on Me Vitamin Bj 
used to make 

Brown Bread 

eaten by 

Man 


The teacher must stress the fact that white 
flour has had the bran, or outer husk con- 


‘taining the germ, and so the germ, milled 


out of it and in consequence it is much less 
valuable as a food. 

Pigeons fed on polished rice which is much 
like white flour in that the husk and germ 
containing Vitamin B have been removed, 
get a form of beri-beri. They recover if fed 
on unmilled rice. 

Malay prisoners fed on polished rice got 
beri-beri, but were cured by being given 
whole rice. 

In this country we get only a partial 
shortage of Vitamin B in the diet, that is. 
we get some but not enough. We get digestive 
disturbances and loss of appetite for want 
of enough Vitamin B. Yeast extract, dried 
yeast and nuts are rich in this vitamin 
are used to make up this shortage. 


The teacher briefly states that there are 


other vitamins but that the above ; 
most important to us in this da 
E coed Summary should be built 
P 1e lesson proceeds, showing the 
3 ins in order, the chief foods in which 
Sy are present and what each does 
Prevents, = 
At this Stage it is also i 
: : conv ) 
por briefly the allied foods that a sé 
pected to, but do not, contain ecd. 


and 


ach 


420 
‘amin. For instance, Vitamins A and D 
present in some animal fats are 
a resent in vegetable oils (e.g., olive 
!, linseed) or in margarines made from 


nor are they present in lard, pork and ` 


nless > rins he 

inless the pigs have been reared out 

and not in sties) 
Vitamin C 


| is present in fresh 
it not in dried fruits of any kind, 
prunes, figs, dates, currants (the 
might ask the class, “What do 
upply however? ") or in boiled 
n fruit or vegetables cooked a 
r in jam or marmalade for the 
Tinned fruits because they 
without air retain some Vitamin 
its the most. 

n B has already come to notice as 
present in white flour, nor is it 
cakes or biscuits made from it, 

rnflour, sago, treacle, or egg sub- 

which are mostly starch). 
must realise that this does not 

t these foods which do not contain 

«hould never be eaten, but that the 

sould all eat some of the vitamin- 
is regularly. 

ictivitv, the children can be asked 

pk tures of two articles of food 

. each of the Vitamins A, B, C, 

how which food supplies which 


follow-up activity, they can usefully 

| bring to school anything they see 
"about vitamins, before the 
tributions will have 


and those teaching 


I apers 
period. These con 
sorted out before use 


relevant should be posted for 
rcading. 
SECOND YEAR LESSON 


been chosen to show (1) ; 
ng experimental m 
and (2) to show wha! 
hasised in considering 


;« lesson has bec 
d of introduci 
hygiene periods, 
s should be emp 


int 


tures for tlothing. 


TEACHING IN PRACTICE F 


E 


ence. 


the conclusions drawn, 
emphasised that there must not 
note-taking and recordi he 
such as should be req 
It is suggested that the 
at each step should be 
and from these it should 

a final statement. r 


Aim of lesson.—To « 
values of materials for clo 


Requirements.—Two 
of the following materi: 
cellular cotton; several 


of ice; glasses to hold " 
bottles; stone ones are pi 
“stone ginger" bottles : 


ordinary medicine 


The lesson.—The class | 
of the work is to comp 


as materials for clo’ 
to the fact that one 
to do is to keep in body-! 
so keep us Warm, d 
in summer and so keep 
Experiment 1—To | 
makes the best cover for 
is, which is the poorest 
Two hot water bot 
flannel, two in calico 
cotton. B 
à (Throughout the lesson © 
are delegated whene 
of the d = É 
stant COMMIS eres 
P the activities. peces 
Experiment 2—10 D 


SAMPLE Or aN “ Activity” Poster 


kind of activity that might arise out of a lesson, each child m. 
Page 417). 


aking up hi 


} novos o o 5 
\nobs of ice, as nearly as possible the same 


and size, z i 
" A. € Size, are wrapped up, two in 
l, 9 in calico, and two in cellular 


IL 


both experiments it is important that 
articles should be closely wrapped. 
"ir cannot circulate in and out. All 
* should be placed in spots as 
possible, and so should the pieces 
t these should be well away from 
eni None of the objects should 
sught. 
© of starting the experiment should 
n each case, Brief notes should be 
en the bottles and ice should be left 
v the end of the lesson. 
icher, having taken care in this 
t up first those experiments which 
longest time to show results, then 
with other experiments which take 
to finish 
went 3.— To find which material is 
t inflammable. 
í flannel and a piece of calico are 
t alight. Two children holding the 
with crucible forceps allows of 
being lighted almost at once. 
en that the cotton lights up into 
| burns much more quickly than 
wool The children sketch and 
this briefly and should supply the 
ion that wool is safer material to 
(ar as the likelihood of catching fire 
This conclusion is recorded 


erned 

c blackboard. 

f u 4.—To find which material 
ps water most quickly. 3 

Pieces of cotton and of wool are dipped 

i out of two glasses of water, 

at the cotton 1s soaked, 

have the comparatively 

ter shaken from it and 


kiv in anc 
it is observed th 
reas the wool can 


ficial drops of wa 


h material 
in a rain 


10? 
nally state 


lowly th: 


water more s 
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H f 
is recorded. (Through 
the calico a ial d 
ordinary cotton and wo 
Experiment sTo find 
dries most quickly, — 
Fresh pieces of material are 
water again, a piece of T 
cellular cotton and a. piece. 
are left for five minutes, unt 
experiment. A child 
putting them into tl 
the time he takes them o 
in an agreed place, pr 
by a window. The children 
Experiment 6.—To find, 
material is the poorest. 
and which the best. —— 
The children feel 
materials and record 
the touch. They ar 
other objects in the room, : 
and some colder to them, 
feel cold to the touch are 
quickly from the hand, W 
warm take relatively lit 
hand, The objects which 
at room temperature, abo 
while the hand is at abo! 
that is, body temperature, 
to pass from the wa 
object. 
‘After a number of 
kly revised, the class. 


WO 


quic 
decide whether the 


cotton or the calico feels th 
which of them is concue 
away, and so, tecm ; 


poorest conductor of heat. 
is mostly Hos The. 
statement as to wi 

ment 6, is likely to 
three materials for keepi 


d the ice, wrapped up 


materials. 

, acellular cotton wrapper 
should be removed, 
‘of a set of bottles and from 
of ice. With both experiments 
s should be removed at the 
he results should be carefully 
difference should be apparent 
will be reinforced by the 


bottles wrapped in flannel 
on are found to have kept 
wrapped in calico. In the 
knobs of ice wrapped in 
lar cotton are larger (that 
he ice has melted, because less 
warmth has reached it) than 
in calico. 

record these findings. They 
hich materials keep in heat 


hich are better for wearing 


attrib H [R | = 
r the pale fac ced from Voarino's “Treatise on c, 
Ai 
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EDUCATION IN SENI 
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hot weather, and why. The 
wool, and (2) cellular 
ded on the blackboard. 


The other set of three bottles, and also 
the other set of ice knobs, are kept in their 
covers longer, to establish a more marked 
difference. Certain children are made 
responsible for completing later in the 
morning the investigation and recording 
and reporting the results. (Of course the 
teacher unobtrusively supervises such wor k 

Experiment 5 continued.—The children 
next consider the three pieces of material 
which were soaked and then hung up to dry 
Different members of the class feel them. 
(There probably will not be time for all to do 


in (x) cold, (2) 
children decide for (x) 
cotton, and this is recor 


‘so, though this is desirable. It is an experi 


ment the children can easily repeat for 
themselves if they show interest.) They then 
record which piece of material has dried 
most quickly and which least. The calico 
should be driest and the flannel still heavy 


um Exercises" ( 
e ove 
Compare the q 


152; 
ress rags? lives 
9r physica] 


n school to 


ctor of heat. 


similar reasons, 


aws 


+} 


t 


| warm 1$ that 
ices of the mat 


r they h 


r thar 


ire 


and the stat 
A d be intendat pe 
tered on the blackboard P 
} Pe out that wool once 
rte and worn next the 
vs 90 moist; calico, on the 
ries too quickly and this chill 
} ^ : cellular cotton is the best i 
to the skin, because it Hr 
ha perspired quickly enough 
in free from continual m 
t so quickly as to make the 


A class of girls 


and clammy and so cause 


r must also supply the informa- 
reason that wool and cellular 
they hold air in 
erial, and air is a 
He compares the way 
als with fur and with feathers 
ave heated round them- 
He also comments 
fur-backed gloves 
, fur-lined gloves: 
the fact th 
y woven 


keep warm. 


attention to at calico, 
hand, is $9 closel that 


G IN i 
PRACTICE FOR SENT 


[Reproduced from Board of Education S: 
having free practice o 
, with that in the picture on P: 423- 


A 


ES 


it cannot hol 
d air * n A 
s and so it is a pho i 
2 he conclusions that tea 
cm draw and record are: 
n winter we n 
than cotton for to D b 
keeps heat in and d s 
Nh in a rain sid p 
2) Cellular cotton ; i 
the three materials e i 
wearing next the skin, because 
bad conductor of heat and Y 


yliabus of Physical Traini y for Schools, E a 
f agility activities. Contrast the — 


at an even temperature, and (b) 
moisture and dries more q ickly t 
wool and so keeps the skin he 
rather than continually moist. 

In summer We ni o V 
clothes that let us lose heat qu 
keep us cool enough. 


The syllabus for the third yea! 
that the child shall be Jed to € 


DN oo 


EALTH EDUCATI 


a the point of view of the 
He is to gain some acquaint- 
the various health agencies of 
and of the State. Many of these 
bodies publish the results of 
and experiments in statistical 
hical form. It therefore seems 
vis to train the child to read 
se record of clinics, hospitals, welfare 
tres and similar records of private 


an illustrative lesson on 
of charts and graphs. 


T n of the lesson.—(1) To teach children 
charts and to make simple 
s from them; (2) to indicate to the 
s of interest and activity with 
an E (The lesson has 
) berately planned with this second 
| view, so that all the children wil 
gue in the lesson, not only 
i f a natural liking for numbers 
The child of thirteen will 
y ignorant of column and line 
ie re of the graph as a mode 
ges and the relations 
‘quantities of all kinds is now 
mised, both in and out of school 
p E opes à large place in 
in ng and geographical 
tion with health educati 
as probably met ODE e 
ht records in the junio ve 
so EU ven begin with NA 
n these indivi i 
t “ps Eo records, 
ndm Ae su 
; mn 
below will need to have 


pared on a 
tual ce sheet or on 


ss will d 
^ easily deal with Gis: and 
seconde tony decide to. ante spirited 
Fecords to see who is growin P, dividu 
Me Growing at the JM 


- 
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of the lesson now begins by 
the teacher stating and recording on the 
board the following quotation, “England is 
not a milk-drinking or milk-using coun 
He then pins up the following diagram and 
asks the class to find out whether the chart 
confirms or contradicts the statement. 

The children will see at a glance a cet tain 
amount of truth in the statement. The 
teacher, however, must carry this step of 
the lesson further and help them to obtain 
more definite information as to the milk 


The main part 


50 


Period,” 
but woul 
height ri 
School, n 


d not Satisfy the 


ecords T 
were kept TOSS acts 


11-14 year 


w 


GERMANY 
CANADA 
SCOTLAND 


UNITED STATES 


DENMARK 
& SWEDEN 


FINLAND 


GRAPH 2. 
UMPTION OF MILK PER PERSON 


the children verify the statement, 

is not a milk-drinking or milk-using 
t is also used to explain the phrase, 
(From Milk, by W. C. 


rage.” 


H. Hill.) 


n in this country. This further 
will consist of (r) comparison 
such as that the column for 
only half as long as that for 

and only one-third as long as 

nada; and (2) finding the actual 
nd meaning of these amounts. 
irpose the teacher should provide 
rd rod marked out on the same 
» graph. This should be applied 
column in turn, (At this stage 
we saves confusing the appearance 
i tering figures Or scales. 

1 H 

will be entered as the children become 

z with the general appearance 

In this way difficulties will 

time.) 


ph by en 


ered that the 


it has i 
nsumplion of milk per person for 
nd is one-third of à pint, the real 
ing be made 


; of this st 
The final statem 
„t to this effect, “Jf 
i used in England in one day 
shared, every Pe”. 
ird of a pint. The milk 1s ated 
cd; some people have more t 


the total amount o. 
could be 


k 


third of a pint and some h 
ensure real understanding of 
average, individuals should be — 
explain in similar terms the stat 
in (1) U.S.A., (2) France, (3) 
teacher might finally ask, "Is it t 
that every person in Germany 
as much milk a day as ev 
England?" 1 
This question of equal sharing m 
laboured, but children often |. 
difficulty in the notion of 
many records are given in | 
children will need further p 
work in later lessons. 
In the next step the teache 
to the value of milk as a 
revision work. On the board 
has already written, “En 
drinking or milk-using c0 
below this, arising out of the 
he writes, “Milk is a va 


[Reproduced by [A 


r reassures the ac 
for dri milk — 


Such a poste 
being ridiculed 


E 
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s that a doctor named 
of these two facts 18 /bs. 
the welfare 


He tells the clas: 
ann was aware 
Br keenly interested in di 
of children and in public health, he set 
himself to find a way to convince the public 
that milk was a valuable food and that 
therefore it would be better if England 


became à milk-drinking and milk-using aa 


t » n 
Pile decided upon a way to do this. He 
made up his mind to experiment by pro- 
viding à group of boys with extra milk 
daily. ; , 

He planned the experiment like this. He 
those a school where the boys boarded, so ^ gj5s, 
that he would be able to fix exactly what 
food they should have. He divided the boys 
into two groups, A and B, and all the boys 
in group B were to have exactly the same 
food as the boys in group A, but they were 
to have in addition one pint of milk each 


day. 


E CoRRY MANN EXPERIMEN 


GRAPH 4. 


Group B 
INCREASE IN WEIGHT 
Graph 4 shows the increase ir 
corresponding sampling of boys 
(boys weighing 50-59 Ib. at the beginnir 
experiment). Average gain in two ye: 
approximately. See last column of 


The teacher writes on the board 


Group A. Daily diet. 

Group B. Daily diet plus or 
milk, PE 
As D E lasted for two \ 

ne boys wi eighe j^ 
ae YS were weighed and me 

He 
TR resul 
À JRAPH 3, 

Comny MANN EXPERIMENT "n 


T 

me graphs, Showing part of + 
3 us see what we can learn 4 
gtaphs, Each column 


results repre 
; Group A 2 a p = boy, I 
NCREASE IN Wet: eacher h 
Graph } shows the a Ma SIN Sraphs for the as already prepared 
Mois rom Group A. Tiu! Weight of a should read Purpose. The 
boys weighing soso | 1e Sampling consists ad the titles: and a. ( 
experiment " j Mcd b. at the beginning of graphs are meant S and state w} 
Folb approximately, Sec far in two years is for them to g to show, It is notna 
t las o z neces 
EE=VOL, rt. a Ouma of graph, weight to an ES the exact iner 
nce, 


ri 
they sho raw 
would d aw a general conclusion 


™ their observations, The tea 
v attention to the “zo wu 
nicance, No boy (in the graph) in 
\ increased in weight by as much 
and, no boy (in the graph) in 
B increased in weight by less than 


point, the teacher should enter 
ile of each graph the average 
the group (see captions) so that 
| may discuss averages further. 


should not fail to tell the. 


the graphs on the board are 
ntative parts of the complete 


her writes the general conclusion 
rd as follows:— 


» 1—The boys in Group B 
weight more than the boys in 
A 
tk should now be repeated with 
ht” graphs, and general conclusion 
be entered on board. 
The boys in Group B 
height more than the boys in 
Ihe teacher tells the class that 


A 


GRAPH 5. 
Conny MANN EXPERIMENT 
Grour A 


REASE IN HEIGHT 


ease in heit 
gain in heig 


Inc 
« shows the incr 
Average 
ro n e graphs 
a All the gra jg 
aos from Corry, Mann's Rep 
js are given 


» 


the 
ere the recore 


TEACHING IN PRACTICE 


INCREASE IN H 
Graph 6 shows the in: 


whole group, not for the 
on the graph. 


careful observation , thr 
years showed that 
B, that is, those ) 
improved also in gen 
fulness. : F 
He also tells the class 
finished his work by 
of giving English | 
milk. 

Other people E. 
similar experimen! 
of children, with similar 
as a result of these 
children are now SU 


of a pint of milk daily 


out, are an 
may serve 
improve the 
The next step } 
example of a on? | 
of others in another cag 
ES 


? c Ye 
EDUCAT 
* Fa 

- Tn this case it will pro- 
bably be more dramatic 
— to show the graph first 
and then tell the story, so 
putting. fuller significance 

into it. : 
The teacher reminds 
the children that they 
had spoken of rickets as 
a deficiency disease which 
until recently was very 


"T882 1889 1884 1885 1886 1887 1888 
Years 


GRAPH 7. 
ov BERI-BERI IN THE JAPANESE 
Navy 


rd of e number of cases of 

pan avy in certain years. 

à the record. This is the first 

on where the columns have 

r^ jacent ones. Note the purpose 

ao arrow. (Graph made from 
Vitamins, by Harris.) 


in the big cities of this country. 
isa pl spread 
as i-beri in 
EC E p^ vun of its 
halta century ago in the apanese 
children look at the graph again, 

le again, and note that in 1878 
Sailors had beri-beri 

ber had increased to 
: teacher adds 
TAN ten sailors 
in 1879 it was 
(facts not to 
graph gives 
years. The 
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columns for 1884 and 
The great change was 
doctor, named Takaki 3 
in 1872 and determined 
cure for the disease- 

He obtained permission to make changes 
in the diet of the sailors. Look at the graph, 
says the teacher, and find out how quickly 
he was successful. It was by experiment 
that he found the right kind of diet. It was 
not until many years later that it was 
realised that this new diet saved the sailors 
from beri-beri because it contained much 
more Vitamin B than the former diet 

The teacher asks the children how they 
know from the graph that Takaki was soon 
successful. He also asks what in the graph 
shows the conquest of beri-beri in the navy. 
What does the graph suggest would have 
happened had not Takaki altered the diet? 

This step of the lesson should close by 
commenting upon this graph as a further 


children look at the 
the following years. 
due to a Japanese 

who joined the navy 
he would find some 


- record of the work of a man in the service 


of public health. 

In order to give individual activity, the 
children can be set to work to read the 
following graph, and to write down all they 
can learn from it. i 
s graph is somewhat more difficult 
a the work will need careful correction. 
X: teacher should, however, allow the 
3 os uninterrupted time to do the exere 
etore correction takes pl E 

This last aem 


in one." 


ise 


pt 


with it, B and compared 


TEACHIN 


4 Percentage before treatment 


+ Percentage after 6 weeks treatment 
GRAPH 8. 


HLoop COLOURING MATTER) 
PERCENTAGE 
ws the change in the amount of 
n the blood of children as the 
tal light treatment. The amounts 
| as percentages as this is the usual 
ng amounts of haemoglobin. 
;Iumns represent the percentage 
ung of the artificial light treat- 
iger columns give the percentage 
eks’ treatment. 
ntal line that represents the 
ntage, 8o, for children under 5 
e cases here are of children under 


ial Light Treatment of Children, 
t. L. Gamgec.) 


t Light treatment was chosen 
the children should not, by con- 
the other graphs in the lesson, think 
. were searching for improvements 
und diet alone. 
lesson unit will occupy more than 
cesson period and the interest of the 
4 should be maintained between the 
by getting them to collect and 
other examples of graphical records 
Jhical evidence with regard to health 
Many can be found an 


nce the children can learn much from 


$ raj 


The graphs used in 


heen column graphs, ) t 
i owin 
displayed from to time showing 
ntinuous linear and v 
senior school children 


Ix 


example, 


G IN PRACTICE T N 


d with- 


interest in the “gro 
err for the purpo; ), 
oard of Education’s The Pr 
and Infant and exe 
This work should be do 
periods and not left to 
periods. Here the graph 
for hygiene, whereas whe 
mathematics class the si 
and the hygiene material is 
the graphical techniq 
be all to the good if the ma 
can be persuaded to give 
in his graph work, folloy 


THIRD YEAR LE 
BODY'S FIGHT AGAI 


Aim of lesson.—To 
conscience against c 
infections. | 


The lesson.—The t 
by pointing out that if 
or class has toothache 
others will in conseq 
whereas if someone has 
some likelihood that 
catch a cold too, and 
turn, have a cold o 
cold is said to be infecti 
that it is conveyed from 
by the breathing in. 
in a wet medium 
page 399), or ina 
on dust particles. 


The Black Deal 
come down to us as an 
it was à particularly b 
waves of infectious illn 

These epidemics, 35 
reading contemporary = 
occur Het bad harv 
civil unrest, when /00 
quence and people's r 
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r when the 
of fresh BA 
" idemies of influenze 
cn E. in 1916 and te 
cw "i yo War were undoubtedly 
Eur to the effects is E shortage 

me popula lon. 

gu x coo tnt to be polonees 
E. cens did not keep ^ed ae 

ir dwelling houses clean and be 
E no efficient arrangement for the 
i um refuse, and this would breed 
flies and help to i 
harbour infection. 
Suppose that every- 
one living in your 
street threw all his 
míuw into the road 
and it was left there 
to decay; you can 
imagine how un- 
healthy and smelly 
as wel as unsightly 
the result would be. 
Yet this is what was 
done regularly, 

You have all heard 
of the Great Plague 
of London which 
occurred when Charles 
ll was king. It is 
now known that that 
Particular plague is 
carried by rat fleas, 
the fleas biting a 
patient with plague 
and later on biting A 
injecting some of the 
into the healthy 


that, if his resistance 
contracted, 


The class can Suggest an obvi 
E vu obvious way to 


is plague, namel , to ha 
kept down the rats, Thi EI 


also tended to occu 


jw. They 


age was one 


Portraits are 
for information, 


healthy person, 
infecting germs 
person's blood, so 
is low, the disease is 


they 


Joun Howarp 
an incentive to a class to search 


animals W. (9) ave been 
a ch would ! 


bee he rats in check. 


to keep t 
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The teacher explains that another in M 


as and ass 
ous disease, spread by fleas an 


with dirty conditions of pe 
also called gaol fever becanse: Poer 
in gaols. At one time wr 
hospitals were very dirty. pr 
and dark prisons the prisoner: im 
fed and clothed, and in conseq te 
are numerous em r - El » 
j e cials o : 
eds as aes which the prison 
were tried 
gaol fever from 
prisoners and d 
from it wholesale 


is ty] 


these di 


cau 


The teacher ‘ 
tells how Je 
Howard (1726—1 


a Bedfordshire 

first took an intere 
the improvement 
prison 
and, after a 
life 
to convince pe 

the justice of 


point of view 
of typhus hin 
when he was 


journey to Rus 
He explains 
gradually it cami 
be realised 


(Photo: British Museu. 


retain such 
centres of infection, as these prisons 
detrimental to the community as a wł 


apart from the prisoners th 

The children are next 
not, however, until Louis Pasteur 
1895), a French scientist, 
Specific bacteri 


infectious di 


emselves 
shown that it , 


disc Vered 
a were the cause of 
Seases that the w 
for the wider application of th 
poe himself did much 
Isease rabies i 
ree or hydrophobi 


ite of à mad 
Serm causing the disease 


ay Was 

ese dis ( ve 
work on 
a, Which r 
dog, He fe 
and from t 


condition 


IR»»5 
1602 


spent in tryir 


TEACHING 


in antidote, 


fr 


hi 
ible 


in 1885, 


| mi 


Pasteur 


eur 


in the form of a 
spinal cord of rabbits 
om rabies. With: this 
dogs which had 
a boy who had 
was brought for 

unhesitatingly 
| "rabbit" vaccine. 
better without further 
must have been anxious 


to cure 
id dog 


his 


me 


I 
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methods could i 

who contacted a -— 
e E getting them E 

Was also ib 

antidote vaccine a Ws : 
this, in the Great War, Ee p 
inoculation of men against t ded e 
also called enteric fever, This i 
borne infection, and in the South. Kr 
War, 1898—r190r, more men died o 


remain 
Similar 


e were given 
pe tetanus or 
x: with great 
of life. f: 
The teac 
up to this 
t Pasteur's di 
/ about the 
ent infectious 
ths’ made th 
any ditions 
ihe m His initial 
ig the [Photos Rischi — yos 
wing to Ropert KOCH i ihe dis 
rce Thi rait mi d to arouse out-of- N 
EX This portrait might be use eue MT bacteria 8 
ic school activity. Who was Koch? a t 
I ; > owe to him? hos ol à 
th rabies : ; 3 
country would develop the is still goin 2 s Ee 
re leaving quarantine. 5 ird d MS. vad ere 
i» of the value to the com: p Ue: : 
eof : a E a probability of living OM 
rge of legal ene , i 
ae "s xplain that edly affected the lives eie el 
yr continues to exp ps of activity. 
and the scientific workers uc. down ways in hid 
~e settled on the aske gh 
fter him, had once ect help to preven » 
= ae zwi ow : 
group of diseases "d D infections, ad ways 


tious 


' it became 9 


Bus 


1 EDUCAT 
authorities in the locality 
his matter; This latter might 


be a matter of out-of-class 
to be discussed with the teacher 


jl activity might also include 
out of information about the 
ter, Koch, Ross, Lind, Elizabeth 
t take the form of making a 
ing the ways of keeping the 
» to disease high ; illustrating 
foods to eat, sleeping under 
getting fresh air and sun- 
t the appropriate clothes for 
tivity in hand, and so on. 
| is to be noted in the above lesson that 
mples Ee have been purposely 
now got rid of, rather 
sease still personally dangerous. 
class to grasp the principles 
fears for their own safety. 
- should, however, be careful to 
pression that the help of a// 
; im] to the community; 
be no feeling that there is cause 
ation and relaxation of 
to infectious diseases. 


THIRD YEAR LESSON II THE 
'ALUE OF A HEALTHY OUTLOOK 


lesson.—To hel 
i $ p the class to 
1 the value of a healthy outlook. 


Many of the ideas discussed 
will have assumed and 
/ throughout the three years, 


; they need to be 


: cannot be approached unti 
, ntil 
‘the confidence and respect 


De of emotional develop- 
adjustment, and for 
ite, positive 
„een spoken 
ons,” when mood 
n rapid succession, 
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The youth is now elated, now js kr : 


confident, at the next hes 
and tries to account 

The educator's task, 
ay toa healthy 


one moment 
He is introspective 

for these fluctuations. 
at this stage, is to point the w 
outlook. : 

The teacher must guard against any 
suggestion of mental defect in the sense 
of subnormal or low intelligence, and confine 
his work to the question of emotional 
stability. The whole topic must be dealt with 
in a matter-of-fact way, with no trace of 
sentimentality. 

Hectographed or typed sheets like the 
following are distributed to the class: 

I. Mr. Smith interviewed candidate after 
candidate for the vacant job, but decided 
they were unsuitable. When Edward entered 
the room Mr. Smith thought, “ Here is a fine, 
well-grown youth," but nevertheless, after 
talking to him for a time, he did not offer 
him the post. John was the next to be 
interviewed. Mr. Smith soon made up his 
mind. “Yes,” he said to himself, "here is 
the boy for me. Not only is he strong 
vigorous and active, but I like his frank, 
E oe a i 
the job." ckle the unfamiliar parts of 
T : ere slowly mounting up 

promised to be a close tussle Jack 
wasaware of this. The contest of thre n she 
cricket ball had begun, What i owing the 
fail? What would the dine ge should 

i S think of him? 
Pu people were not watching him! 
Y, as each of his three turns 


CIScussion by stati $ 
2 man is judged not b E oh 
Ppearance alone, but a 


434 


TEACHIN 


*cond "story" is used to reinforce 


rst. This time the children try to 


int for Jackson's failure. The teacher - 


vn reputation Knight af ee 
of keepin r] i E t es d throw 
of the anai pa Tesa behind the 
^ angle of projection of the 
xeon, as the school knew, had 
ry RS. but he lacked something 
ie two Jackson would have 
the stronger, healthier boy; but 
more determined, the more 
the more confident, won. It 
who proved a useful House 
erved the community. 
er now makes a generalisation 
to the effect that a 
hy mind is as necessary as a 
ithy body, He introduces the 

l health and mental health. 

r next tries to give a fuller and 
pression of what is meant by 
ith. He explains that when we 
healthy man or woman we should 

than a person free from bodily 

weaknesses. We should mean 

| who is free from unnecessary 
inded anxieties, excessive self- 
We mean a person who is 
mind as well as in body. He 
iy make the notion still clearer 
Do you remember we said, 
of bodily ill health, that 
cant not at ease? The same 1s 
ental ill health, It means the mind 
Jackson was not mentally 
because his mind was not at e 

anxious and afraid. 

teacher, in order to break up the oral 
«ts his children to do the following 
: “Name five access 

» suggests the number 
He sugg! Ri andes 
tial factors and 
heir contribu- 


ussion, 


at case. , 


unnecessarily 


r note books. 
dily health." He 
prevent the children 
; nost essen 


far from the r 
; feeling aggriev 
ot taken up 
rs suc 
fresh ai 


ed that th 
jater in 3 
h as sleep and rest; 
r and sunlight; 


& are n 
He expects answe 


exercise , 


nliness 


G IN PRACTICE FOR 


Having checked 
continues the lesson by 
Ways a healthy, sound 
keep à healthy body, and 
take some of the needs of by 
just written down, and 
are affected by our mental 

The body meeds sleep 
allow ourselves to be trouble 

came in fourth” in a race, b 
not get a certain SHE 
were laughed at for 
not get restful sleep, 1 
bodily health suffers, and 
less likely to remedy the 

The body needs food. 
processes of digestion, and 
about the endocrine 
anxious about a swim 
about the consequences of 
or some unlucky accident 
possession or success of a 
gland secretions for the 
balanced. This lack of b 
digestion, with the r 
unfitness is added 
Notice still further th 
its turn, makes fur 


swimming, jumping, or | 
way some peop 
dance or play games 4i 
People who x 
many opportuni jes of exe 
are not invited to £o for 
In each of these cases t 
the exercise it needs b 
not at ease. 
The teacher, ü 
above three Cases | 
mental and bodily health, 
m the 


body : 
and the body needs 


TH EDUCATION 
ffesh air and sunlight are 
o those for exercise. 
Bo of cleanliness the teacher 
robably, have to give the first example, 
‘as, if we are harassed or depressed we 
o lose self-respect for the time 
y, "Why should I bother; 
‘whether I look clean or not; 
notice whether my hair is 


discretion of the teacher, the lesson 
n here and continued in the 

. In such a case the 
include the work now called 
as a definite part of this second 


step in the lesson is to consider 
he | bodily ills on mental health. 
à ; a fairly easy task. The 
ren « e set to answer the following 
m in their note books:—Explain in 
tys you think defective hearing, or 
: or decayed teeth, may affect 
mental health of a. boy or girl. ) 
l| need to be followed by brief 
The teacher can round off this 
lesson by calling the attention 
to the fact that when we are 
ed out we lose our sense of pro- 
lon; we become, as we say, frightened 
it Our own shadows, He discusses how the 
T of midnight shrink to mole hills 
ng after a good night's sleep. 
st step is to make explicit the fact 
thy dual is one who has 
to his environment. Firstly, 
“y person is one who faces reality, 
| We say, does not cry for the moon. 
learnt to realise that he cannot 


ng his 

picnic, but no action on his 
Away the rain. In the same 

"ty stay up late at night 

c up early ne 

T work or play, but he thes $ 

e, realising that his bodily 
í want of rest, 


healthy person is one who 
sed He has learnt that 


own way. He may * 
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iv 1e full 
he is a social creature, who m es Cla inae 
only in a community ; and he has S" rs 
itv li esponsibi 
that community life brings resp sities end 
as well as privileges, gives oppor tur 
ds sacrifices. "e 
go truly healthy person not only “ - 
life himself, but in many indirect 2 y 
helps those around him to à more hea m 
life because the power of suggestion 15 
strong in all of us. Think of the confident 
explorer or the fearless leader in a rescue 
party, how quickly their comrades throw 
off their doubts and fears and follow them. 
Again, think of the phrase, “He had an 
infectious laugh,” and consider how the 
bright, cheerful, hopeful person passes on 
cheerfulness. On the other hand, think 
how the grumbler gathers other malcontents 
around him. 

In short, the truly healthy person is the 
one who is at peace with himself and the 
rest of the world; the one who is not only 
no burden to the community, but a useful, 
helpful member. 

The actual lesson concludes with some 
statement to the effect that we must do 
all we can to prevent mental ill health 
just as we do to prevent bodily ill health 


oys 


Optional work.—As a piece of optional 
work the following may be given :— 

Read this extract from the diary of 
Sandford Fleming, the daring leader 
the Pathfinders who searched for a path 
for the Canadian Pacific Railway. Then 
say why you think Dave Leigh has been 
chosen here as an example of a healthy man 
2 “At Victoria I am to part with Dave 
eigh, the last of the men who had bee 

untains, 2 


of 


Englishman 


; ' à northern 
plain-spoken 


» Self-reliant 
and staunch, with a Dacia: 
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of calling a Spade a spade. He has 
‘or us in all circumstances, there is 
I word for it, heroically. He did his 
_ the packing, and if there was a 
ide heavier it was caught up by 
some saying of his own, and off 
s if it were a plaything. He 
everything for us that a man 
h unfailing cheerfulness, and 
our fortunes for many a mile. 
n pack horses, paddled canoes, 
built rafts, stretched our tent, 
ws, cooked our food. . re He 
traits of Georgia, and then at 
have to say goodbye.” (The 
Canadian Pacific Railway; 


of answers expected are (1) those 
bodily health such as: powerful 
ving off with heaviest loads; his 
| work; standing the hardships of 
ourney; (2) those suggesting a 
itlook: self-reliant; straight-for- 
erful; he accepts reality; he fits 
companions; he is of service to 
he is healthy because he is at 
h himself and the rest of the world 
( the difficult situation. 


THIRD YEAR LESSON—IV. FOOD 


To teach discrimination 
owing the class how to 


Aim of lesson. 
i d to food. 


g food, by sh 
e prin iples learnt in regar 


—The children are asked some 


- ws nasil to bring advertisements 

and slogans) about foods, and m 

makes sure that he has any E 

larly wants for the d Et 

ble the idvertisements are er. 

yx + in groups, those for d dod 
! «» on. Such slogans as, © Ea 

2 K ilk, "Drink more 


Drink more mx, p 


are some possi 


: Eat more bread," 
mnles ; a 
Th p* her begins the lesson wi ue 

" ent, "The hen an the co | 
tatem , 


$ 


TEACHING IN PRACTICE [ot 


~ undergone, and they are 


S 


advertise,” He “i 
on to show that ther 
these days, even on 
the cow. He discus 
Board and the | 
Showing that they do 
out the values of natural p 
milk and eggs. . T 
The teacher states that 
spend our money there 
classes of foods, He di 
as follows:— 
r. Natural foods 
milk, lemons, fresh 
oatmeal. You have not 
to treat the natural 
In addition, when y 
state you do not have to 
buying it in a special pa 
private trade mark or 
such foods you are 
vitamin content. 
2. Branded foodstuffs 
what they pretend io be 
pay for the “brand 
have to with an egg, for | 
articles tend to be 
natural article, For e 
breakfast food cer 
at bottom, whatever ti 


than the o un 
orridge which is cheaper. - 
E 3. Foodstuffs sold under 
definitely not what they 1 
example, Jemonade p 
chemical laboratory and 
a real lemon. It is 
lemonade which give DON" 
salts such as calcium. | j 
- When a pot of jam is 
does not : 
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wv-thinking they are made 
LHA with iodine and will 
be mainly carbohydrate in the 
j y coloured with yellow 
(er. At this point the class 
- the questions, “What valuable 
ould eggs supply which is 
"Are eggs or starch cheaper 
sturer to put in his food?’ 
points out that babies’ and 
nt foods can be tested in ne 
‘of way, and if they are foun 
‘nla such food would be 
to young children. One 
infant welfare centres do 
in supplying, at cost price, 
other foods definitely good 
for young children. 
cher then goes on to stress the 
when buying. The class 
this stage to appreciate the 
tement;—While branded foods 
d many are, good, we should be 
believing all that advertise- 
goods, for it is really a case 
acturer praising his wares in 
» money. What he says may 
but it is likely to be somewhat over 
' We must therefore beware of 


t next discusses with the class 
n by the Government to 
pues of unbranded food- 
akes c to the class that 
x foodstuffs have to conform to a 
lard of purity fixed and enforced 

nent. This service of super- 
is part of the protection we 
lor paying taxes, For example, 
K be adulterated (as by adding 
), and it must be produced under 
ns of cleanliness, Butcher's 
eov sale and diseased 
tig Aiae Similarly, 

E ene: in 
Usements for food: 
he allied one of advertise. 
“eines. The teacher 
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a class ow 
discusses this next and shows ye hom Te 
$ uggestibility. 
advertisers play on our sugs' cur aan 
do it by advertisements of ese Sotinns wi 
accompanied by pictures god d o l bi 
symptoms, meant to make 1 t e l ppe: 
fearful and ready to think he has t ie d pe ; 
eyen when he has not. He explains a 
doctors are less and less willing to ení ma ge 
indiscriminate taking of bottles of mec i ine 
to promote health, and are more and os 
advocating the living of a healthy life. i 
says that Sir George Newman laid down 
six fundamentals for this healthy living, six 
things everyone must secure to be healthy 
and full of energy for whatever comes along 
Enough sleep under the right conditions 1$ 
one of these. Can the class write down some 
at least of the others. 

Tt is decided that besides (1) sleep and 
rest, the other fundamentals for health are 
(2) good food, (3) fresh air and sunlight, 
(4) exercise, (5) warmth from clothing and 
from heating of buildings, (6) cleanliness of 
the individual and of the places he lives in 
The teacher emphasises the fact that for 
none of these can we satisfactorily substitute 
a bottle of medicine. 

The next point for the class to notice is 
that patent medicines are often expensive 
The teacher says that an example of this 
which is often quoted is that a well known 
pill for constipation is sold at half-a-crown 
a box, the materials for which cost less 
than a halfpenny. He adds that instead of 
using such pills it-is better for the body if we 
TR fresh foods and drink plenty of water. 
m n up pum as cough 

powders may stop the 
cough or the head 


ache temporarily, | 
they do not treat the real cause. "They 


may cause further harm because i 
1 the patient 
ue delay going to the doctor for the : al 
c E necessary to cure him T 
he teacher should make a point of ending 


ncouraging the children 


are ailing, People o 

h pie who feel fit ane 

TPPy and not always Krimi d 
E an 


438 TEACHIN 


" 
wvXing sympathy are 


! people with whom 
work 


undoubtedly the kind 
we prefer to live and 
*O 1t behoves us all to try to be in 
Ourselves. The best way to keep 

5 15 tO secure the six funda- 

of healthy living, one of the most 

f which is good, natural, fresh 


CELEBRATIONS 


ll find it helpful occasionally 
clebration" dealing with either 
neer of science, or with one of 

for healthy living. They 

! as an inspirational period for 
Detailed teaching 

required, but each “celebra- 
be followed up by one or more 

care being taken that these 
do not make direct 
the “celebration,” thus destroy- 
tional appeal. 
ration” on WATER, for example, 
begun by the recitation of Russel 
Fountain, which would serve 
introduction to the subject and 
vmbol denoting the source and 
( things. The necessity of water 
vould be pointed out, at the same 
trating that it is possible to go 
food for some considerable time 
5 can live on the fat stored in the 
+ as he cannot store water in this 
e must have a constant supply of it. 
mous reservoirs and 
should be made to show how HC 
vee a steady supply of water, ER. 
illustrations of, say, the p 
ít Romans, the great dam at s 
Pont du Gard, etc., might be proj 


school, 


lessons 


nce to some fa 


G IN PRACTICE FO 


yn 


On a screen, The Ay 
Coleridge contains 
are most suitable for r 
tion” on water; and 
deductions can be m 
water, and water wh 
(salt water). Refe 
be made here, and ; 
filter beds such as those a 
should be projecte 
as a cleanser must also 
a cleanser it is one of t] 
with which to combat 
Chester by James Will 
which will illustrate this. 
time of drought, 1 
order that crops 
famine and diseas 
of irrigation might be 
The "celebration 
further recitation o; 
absolute necessit: 
health, and then the 
proceedings could 
facts learnt, at thi 
how thankful ev 
great gift to man. — 
“ Celebrations” 
pioneers of scienci 
from biographies, or 
their lives, work and 
shown how these famous 
thescientific outlook; 0 
we owe them for their $ 
These “celebrations 
teaching value, especia 
can be RM By 
emotions, the necessi 
enforced while at e 
change from routine Wil 


FIRST AID 


inciples of First Aid can become a valuable activity for children 
in the Senior School. 


CR G 
AWLING RESCUE DRILL 


[These plates 
H.M. Stationery Office. 
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FIRE PRECAUTIONS IN SCHOOLS 
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* 


are cerlain simple forms of 


J be capable of rendering. 
important not to expect or 
‘to take responsibilities in 
; it is easy in rendering 
more harm than good."— 
of Education’s Handbook 
y Teachers (1933). - 
tion of The Handbook of 
, the Board of Educa- 
to the changing concep- 
The school no longer 
of a monastery but 
Spacious airy workshop 
where all are engaged 
This spread of free 
ht in its train the possi- 
od of many more minor 
than occurred under the 
conditions of the last 
l workshops, the craft- 
y and the cookery room 
mishaps which were 
e schoolroom where the 
pens and pencils. Many of 
ents, though slight, need 
and by the present day 
tive true-to-life auto-education, 
be trained to render, or, at 
m the necessary first aid. 
mbered that in addition to 
within ee school walls, 
yy embraces excursions, 
many forms of physical 
games and swim- 
3 need for some know- 
* of first aid becomes 


" which every older boy and- 


INTRODUCTION, 


Teaching in this direction will be welcomed 


by the children themselves. as pavit 
bearing on their everyday life. They will 
no longer view it as something which m ay 
be of use in the remote future. First did 
badges are much sought aíter among sie h 
organisations as the Boy Scouts and the 
Girl Guides, but it is desirable that there 
should be a course in the senior school in 
order that all children may have the oppor- 
tunity of fitting themselves for this useful 
social service. 

First aid should not be approached a 
body of information to be acquired whol 
sale and memorised in a formal way. Lake 
all the rest of the curriculum it 
thought of in terms of activity and experienci 
rather than of knowledge to be acquired and 
facts to be stored." Many people know, for 
instance, the principle of applying a t 
quet, that a fractured limb is splinted, tha 
an appropriate antidote is given for certat: 
poisons. To know this much is a very 
different thing from actually knowing f 
practice how exactly to carry out the neces 
sary operations. The teaching will be of 
value only in so far as it can be applied in 
the moment of emergency, without u 
delay and yet with calmness and judement 

Throughout the course, side by side wit! 
the training in first aid treatment, will A * 
the consideration of prevention and s " " 
guards to avoid accidents. This tr inin 
in safety first, while dealing with 3 1 er 
will deal with safety in many ofer. r y, 
ments of life, such as safety B " depart- 
tools, precautions against fre E x iaa 
bathing, possibilities of poisoning a ; when 
from unclean water and milk. lies 


"is to be 


danger 
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THE APPLICATION OF BA 


YOME knowled 
ge of bandagin, 
> La cm g should € 
S - m in any first aid course, n. E E 1 
^ r : ementary, and it lends itself 5 th d 
to eing tried out practically. should be d 
ng whic h is learnt only theoretically by pulli E 
ittle use, , Ped : 
^re applied for the following mn that th 
(for example, in 


pport the injured part. 01 

cep dressings in place. 2 bad 
x splints. which secures t 
op bleeding. should be app 


protect wounds and keep them clean. 
nd other similar lists of points, given 
ummaries for the teacher’s reference, bandage; see Fig 
| always, as far as possible, be elicited to make the two 
class by questioning. For example, " 
tance it might be asked, when had 
seen bandages being used? For 
broken bones. What is the use of 
for cuts? To keep the wound 
[o keep dressings on, And the use 
lages for broken bones? To keep the 
in place and to support the injured 
The items of a list should be discussed 
; one, before the complete list appears 

e board. 
kinds of bandages used are the tri- 
the roller and the many-tailed 
tage. The last kind need not be con- 

ered in school first aid. 


triangular bandage and its application. 
ar bandage is the ue =- 
to use and a supply of such bandages or 
practical work can be cheaply obtained, £o 
triangular bandage can be made y taki 

e ico or linen, folding 


38 in. square ile along the fold. 


The 


The triangul 


should never 
folding purpose? or for any 
3. In applying ey 


in first aid should be reef 


d eneraly used 

SE rase section for details 
Va reef knot.) The correct 
making the knot should be 


triangular bandage can be 
S the small arm sling; 2 
‘ sling and 3, the St. John's 


arm sling, as can be seen in 
t a only. The 
ded "broad" and placed in 
patient's chest, with the 


Tüzsg Diacrams Snow A SMALL 
I AGES, AND ALSO How A 


the shoulder of the un- 
he is carried round the 
So that it can be tied just 
of the injured side. The 
"nt up gently and the free 
ng is brought up to tie 
cle of the injured side. 
! sling can mie to 
eo or WwW. The 
1 front of the patient and 
unfolded flat on the 
beneath and well 
injured side, The 
T the shoulder of the 


m 


ARM SLING AND 
CoAT CAN BE PINNED Up TO ACT AS A SLING 
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ide and is carried round 2 ae 
k as in the small sling. . ~ 
of the n ed gently across the - Ske 
TE i the bandage and the end - e 
oe a E then carried up to the up! z 
a ates The point of the bandage k 
ae cht forward over the elbow and pinnes, 
Ta as always in this work, a safety pin. 
ed a large arm sling is adapted to 
support the elbow, the bandage is rear 
with one end on the shoulder of the inj - 
side, and the apex pointing in the Aron 
direction to the elbow. The forearm o 


uninjured 


A LARGE ARM SLING MADE FROM 


injured side is now gently flexed 
across the front of the chest, 
fingers touching the o 


and placed 
with the 


the uninjured side. The 
apex of the bandage (Fig. 2) is now folded 


well over the forearm and pi 
the injured side, pinned above on 
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2 


$ Fic. 3. Tue Sr. Joun’s SLING : 
sated 2. As it appears, when adjusted, from the front. 3: Asitappearsy 


wee 
mr 


ed bandage is now placed so that while) and across the 
ws over the shoulder of the tied on the unin r 
side and the apex point lies well the collar bone. 
elbow. The lower free end of the to the bandage as 
is now carried under the elbow The use of the 
» being carefully supported mean- wounds must be pre 
of a clean sterile dre 
place only by the 
of applying the 
followed from the 
suggested that, as far 
methods for bandag 
injured parts, as of the 
practically in class i 
The triangular 
putting up fractures 
bleeding. This is dealt 
sections concerned. 


The roller bandage is mo 
for keeping on : 
pressure over a 
angular bandage, 
ANDAGE USED AS beginners and 


Tug TRIANGULAR B Ex 
rxrpy. COVERING OvER STERILE Wou apply: 


DRESSINGS 


aw Ux 


-a 


Fic. 5, 


Y. Applied to an injured foot, 
3. Applied to an injured knee, 


bandage is essential, together with knowledge 
Sed principles of such work, 


THE TRIANGULAR BANDAGE 


3. Applied to an injured elbow 
4. Applied to an injured shoulder, 


ate width, that is, 
&eneral purposes. 
In applying a roller 
ing points should be o 
I. The ban 


from lin. to 


bandage 
bserved : 
dage must be 


up before Starting. = 


^ 
B 


Fic, 
6. RoLLING A BANDAGE 


B. Fe 
rid it again tightly, C. Rollit toward: 
» owards you with the right 


Fic. 7. How TO Appty BANDA 
B. Applying a reverse spiral bandage 


z Apptying a roller bandage- 
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E as possible in the 
n it is to occupy finally. 

D v start Gne the out- 
he ‘bandage is applied to the inside 
the limb, and a couple of turns are made 

inj wa’ i 
of the limb den the top. This 
hat any from the bandage 
help the venous circulation towards 


ing is always done from the 
‘the outside, over the front of the 


more than 2in. to 3in. of the 
hould be unrolled at a time. 


turn of the bandage 
preceding one by two- 


ae 


should be applied 
too tight nor too 
down the bandage 
the edges turn down, 
it is too loose. On 
other hand, if when 
bandage is removed, 
are red lines on the 
the bandage has 
applied too tightly. 
The tips of the fingers 
of the toes are left un- 
so that it can be 
seen if they turn blue and 
a sign that the 
has been applied 
tly and needs to 
removed and readjusted, 
- A satisfactory band. 
when finished, should 
Smooth and unwrinkled. 
11. The Successive margins 
the bandage should be 
Parallel and all cross- 
ings and Teverses (Fig. 8) 
be one line and 
the outside of the 


mih 


BF 


E 


ER 


H 
È 


ri, 


HSE 


done from the 
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TU FIRST AID | iow 
should front of 12. A figure of eight is always nv 
erator should stand in front © tont. me 
oats duse DS E Bandages should not be apple | 


sale d so to bin 
because they pond pe p (For excep- 
the limb too tightly A y- 
i ains, page . " 
B king P a bandage, the slack 
1 into a loose bundle 
rue D ar hich it is 
and passed round the part from w 

i ved. 

E cur a class as many of - 
points as possible should be arrived at «i 
the class, by trial and error or at least by 
seeing examples of bandaging being executed, 
and noticing how one example is better than 
another and why. Points such as 3, 4 and 
5, are examples of conventions of bandaging 
which it will probably be best for the teacher 
to supply as a comment in the course of a 
demonstration. 

If the part to be bandaged varies consider 
ably in diameter, it is necessary to make a 
reverse spiral. This consists of a series 
of spiral turns in which the bandage is 
reversed on itself, in order to make the 
bandage lie smoothly and to hold firmly, 
Fig. 8. 

To reverse, a couple of spiral turns should 
first be taken round the limb: then, holding 
the head of the bandage lightly in one hand, 
the thumb of the free hand should be placed 
over the lower border of the bandage on the 


is downward. It is then passed under the 


» its lower edge 
the turn below. 
: of the limb is 
reached this reverse js repeated, 

a bandage that 
an is the ordinary 
Is, however 


not used 


A certain amo 
the triangul 
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A supply of roller and triangular bandages, 
e! ndage between two pupils was obtained 
lass of older girls, the girls bringing 
ble “squares” and large handkerchiefs, 
lso brought rulers and rolled up news- 
splints; physical training mats 

! for lying down work. 
pplication of the small and large 
* Was practised, as well as the 
of splints and bandaging for at 
‘racture. Other activities included, 
method of supporting a sprained 
à hgure-of-eight bandage: the 
but not the twisting tight, of a 
t on the upper arm; spiral roller 
methods; artificial respiration ; 
rry à patient with a four and a 
nded seat; how to stifle burning 


A Spica METHOD 
p HANDAGING THE 
Inuxn 


SHOULDER 


TEACHING IN PRACTICE 


Fic. 10. A SPICA METHOD 
OF BANDAGING THE - 


work had to be done 
space and not in 
found better for 
away from desks 
to move freely roun 
to group. A special 
the class that all 

hands well before the 
should tend to ass 
hands with this work, | 


— THE IMM 


| be 
SED) hemorrhage, may 

An pfe or disease. The 
moe only will be considered here. 
d be external or internal, 
bleeding from injury being the 


one cases of snake bite or dog 
aim should be to arrest the bleeding 


npily as possible. 
cna kinds of bleeding; capillary, 
and arterial, and of these, capillary 
s the most usual and the least 
form. This is the type of bleeding 
s from small cuts and grazes. 
ous bleeding, the blood tends to issue 
ady stream from the cut end of the 
from the heart, and it is of 
d colour, In contrast to this, 
c is more profuse and the 


series of spurts, which 
of the heart. This type 
g that is not too profuse stops 
illy from the clotting of the blood on 
to air, but properly applied pressure 
t loss of blood. To stop 

t pressure, as from 
over the wound, together 
part, if possible, to 
ation of blood, 
or example, a cut 
held up rather than 
; the bleedin, 


to the finger end 
1s of some 
small cuts 
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EDIATE TREATMENT 
OF BLEEDING 


ng can 


if bleedi 
i ud Ud iem frightened 
p n the class, as a. whole, is less 
Pu is rapid, direct pressure by Wh 
fingers may seem to be temporarily es i 
sary; to control venous bleeding the — 
hould be applied on the side of the woun 
se from the heart; for arterial bleeding, 
on the side of the cut nearer to the reg 
If possible, the operator's hands should be 
cleansed, wrapped in clean lint or dipped 
in iodine to prevent any additional infec ps 
being carried into the wound. Again the 
part should be raised if possible. 

When a larger artery is cut, it may be 
necessary to stop the bleeding by indirect 
pressure on the main artery supplying the 
part with blood. A diagram of the preSsure 
points for the arteries is given in the Hygiene 
section, page 400. The finding of these 
pressure points needs to be practised so that 
the beat of the artery can be found without 
delay, and pressure applied. Once the 
pressure point has been found with the 
fingers, the ball of the thumb should be used 


for applying pressure rather than the fing 


gers, 
as a steadier and stronger pressure can thus 
be maintained. 


When the artery has been found 
recognised by its beat, it should be 
firmly against the bone, with just enough 
force to stop the bleeding. Care should be 
taken to avoid Pressing other structures 
EB as nerves and veins. 

. -US pressure point” method of contro}. 
ling bleeding, ls of great value E it 


t 
and the 
uched and Contaminat 
however, only 


ther,“ 


and 
pressed 


ed. 


Certain parts of 
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pressure 


G IN PRACTICE FO 


be maintained by one 
& quarter of an hour on 
pressure should be, with discretion, 
some extent every fifteen minutes 
the parts supplied by the artery 


upply of blood, thus avoiding 
iry 


R si 
can only / 

person for about 
The 


f is an instrument for applying 
! artery without unduly con- 
limb as a whole. It 
the pressure point 
wound on the heart 
wound. A tourniquet 
vised by knotting a 
indage loosely round 
be constricted, the 
placed 
the 
med. A 


ruler 


rted into 
of the 
n the 

le of the 
the knot, 
i$. re- 
tick is 
nd the 
tens the 


to which the tourniquet . 
should be ee. = 
In applying a tourniq 
cient tightness should be n 
S the bleeding and no more 

4 BN sion of the tourniquet 
$ partially or entirely € 
minutes, or injury vill be 
structures in the ine : 
quet, for example, must | 
and prevent the return 


heart. 


À | | 
| ; less it is 
tightened unl 
-T nes pressure over 1 


0 ceding 
CJ -m tourniquet to control the bi 


E ecessaty. ^T 
p WHERE jg not neces wo! 
Hos Cases OF ^ —— broken glass in What ¥ 


nOUET IN 
OURNIOL ET WOUNDED ARTERY 


DIAGRAM TO SHOW 
'3 1 

rrtv A l 
: sp VEIN AND 
Wocs DET 
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i r , 
may expect to have 


b | 
ight wound, or if the limb is j 
M will be necessary to stop the r teaching life 
y a tourniquet instead of by 

are on the wound. 
treatment of external bleeding accident. 
The patie 


Pimmed up in the following points. 
: should be raised to the head rather thrown back thar 


i | the amount of blood flowing 
part. ; 
o stop the bleeding, pressure is 
directly on the wound with 
's OF lint; or in severe bleed- 
sressure on the artery supplying 
y or by a tourniquet. 
i thing is slackened 
4 [he part should be ) 


start spontaneously, or 
form 


the result of a 
of 
nt should sit down erect, with 
1 forward 


rest and moved as gentl 
little as possible. pe 


E should be given 
1 to make the heart beat 


and so drive more blood 


Nose bleeling.—Nose bleeding is 


Nose 
»ne of those minor emergencies with 


BEES 


LU 


ej 


cal 
Apply 
Kee} 
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1 
1 should not be bent forw. 


rms should be raised, as this 
l wp. HY tight clothes 
ile e Ik 


l in the veins from the head 


‘requently changed cold Water 
uld be applied to the 
the nape of the neck, and 
ioulder blades. Lemon juice 
vinegar and water snuffed up 


towel she 


4 


vill often stop continued bleed- 
syringing of the nostrils 


THE IMMEDIATE TREATMEN . 
WOUNDS, BRUISES AND ST 


m the stopping of bleeding, 
a continual need to know 
rect first aid treatment of 

of any injury in which the 

ken. Wounds may be 1, clean 
}, punctured or 4, lacerated. 
wounds may be in an aseptic 

t is, free from germs or micro- 

r septic, that is, in a condition 
ms are present in the wound. 
really aseptic wounds are those 
cr conditions of surgical asepsis. 
curring in daily life need to 
with a clean dressing that has 
ed as little as possible, and gener- 
application of an antiseptic to 
growth of germs is needed as 

t care should always be taken 
duce more germs into a wound 
already, as, for example, by 

ed dressings or by doing the 

ith dirty hands. 

« that should be ta 
wound may be su 


ken in dealing 
mmarised as 


i p any bleeding. 


« the wound. j 
a suitable dressing. ; 
the wounded part at rest. 


ard over a 
helps 
: round 
osened to relieve con- 


CTICE 


of the nose, Re 
€ stopped by the pinching 

half of the nose for a mene 
air in the room should be : 
helpers should not be al 
round the patient, _ 
The wish to blow di 
inhibited even till some ho 
ing has stopped, for to d 
or restart the bleeding, - 


5. Make the patien 
that is, treat for shock. 
If it is impossible to cl 
hands or the wound, the 
covered with some aseptic 
ised if necessary, and the 
as rapidly as possible to : 
adequate cleansing and 
can be obtained. A score 
cloth makes an improvised a 
If there are means of cle 
and the hands of the opera 
ing the wound, the 0| 
and scrub his hands and 
finger nails in warm Soap. 
possible, this should be fin 
the hands in an antiseptic 
2 per cent iodine solution or in 
The wound should be € 
the clothing and the ac 
covered with a tempo 
Then, if it seems necess 
round the M "e 
ently cleansed with soap "^ 
p care being taken | 
runs towards or into the | 
This should be followed 
with warm sterile water, of 
Any foreign bodies, 5 


Wed (provided they are not 
ed), The process is finished 
D the wound with anti- 
on such as Izal solution; one 
ul to a quart of water. Any 
has stopped the bleeding in the 
»uld not be removed. If the 
the neighbourhood of the eye; 
solution only should be used 


ptic 


All wounds have a natural 
heal but the dressing should be 
help this natural process. A 
» be dry, wet or oily. 

essings include such material as 
‘(of which always put the smooth side 
ware wound) or gauze, both of which 
wild be sterilised by heat. They are thus 
e and able to absorb any 
e from the wound. Boracic lint is 
has been soaked in boracic acid 
Gauze is not so frequently used 
first aid as in the medical dressing 
wounds, when it is used for packing. 
gs are made of lint or other 
al, which has been soaked in 
atiseptic solution, Oily dressings are 
d mainly in the treatment of burns. 
dressings to a wound the 
not be closed up too tightly. 
may be placed round the limb 
‘essing to equalise the pressure of 
section on Bandaging) 
p to retain the dressing in 
p. qunds of the upper limb should 

k E appropriate to the 


“erties 
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It may be more convenient to — in 
some dressings in place by adhesive p ' 
and care should be taken that de skis 
not wrinkled or pulled by the plaster. 
remove the plaster, it should be spon 
with warm water or the adhesive dissolved 
by sponging with spirit of turpentine. — 
If a wound shows signs of inflammati 
hot fomentations should be applied unt 
the wound is clean and free from sepsi 
but unless rapid improvement 
doctor’s advice should be sought without 


delay. 


shows, 4 


Bruises result from the rupture of cap! 
laries with bleeding beneath the skin. Ther: 
is no break in the skin. The actual bruised 
area should be treated by the applicatio 
of linen or lint material dipped in cold wates 
and frequently renewed. Arnica is al 
used. The patient should rest and should b 
reassured robustly. 

Small punctured wounds may be caused 
by the stings of insecis, such as wasps and 
bees. The sudden pain is frightening and tli 
patient should be reassured; the sting should 
be pressed out by pressure with a hollow 
ting—the top of a key will be found quit 
suitable for this. It should be noted that 
the sting is by no means always left in the 
wound. The part is then swabbed freely 
with an alkaline solution such as dilute 1 
ammonia. Failing this, dabbing the ting 
with a moistened bag of washing sod 
Ha the blue bag, will help to alay n 

ere is almost always some swellin 


a sting, but this : 
a few hours, passes off in 


sting 


pain 
ing after 


a matter of 


FRACTU 


bere are 


D 
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} 


ak in a bone may 


IN PRACTICR FOR $ 


RES, SPRAINS AND DISLOG, 


FRACTURE or bre: 
, *d by direct violence such as 


" on the limb, which breaks at 
possible, however, to break 
rect violence, so that the bone 
distance from the seat of 
example when someone 

| saves his weight by falling 
tched hand, the collar bone 
red by the jar. Occasionally 
^ may cause a bone to break, 


of the kneecap bone. 


ture is a break in which the 
but there is no. external 
compound fracture, there is 
wound as well as the fracture, 
chief reasons for treating a 
ture with extreme gentleness 
because of the likelihood of 
ple fracture into a compound 


careless moving of the part. 


intered into several fragments 

i comminuted;” an impacted 
ne in which the broken ends are 
ne another. When there is, in 
the fracture, tearing or injury 
the fracture is known as 
Greenstick fractures occur 
the bone bends but does not 
because children's bones are 
and calcified than are the bones 


e 
i 


t easy to 


necessary for the 
certain on this 


«nicion that a fracture 
ife procedure is to 

h it were a fracture. 
however, certain 
at the injury 
ably not all t 
The history of t 


ne suspect th 
though prob 


pre sent 


« to be one likely to 


lead to 


t know whether or not a 
has occurred, but on the other hand 
à: person giving first 
point. If there 15 
has occurred, 
treat the injury 


in signs that 


may be a 
hese signs 
he injury 
a'broken 


bone; a wound or bruise 
there may be inability to y 
even to move it at all; or 
in an unnatural position, 
be shortening of the limb 
contraction of the muscles ro 
bone, or there may be cm 
grating of the two broken ¢ 
together. Crepitus should o 
be sought for, because fu 
be done in this way by an in 
moreover it is not a re 
because natural creakings 
round a joint without any 
present. 

In the case of suspec 
of the first importance, po 
injuries of the lower limbs, 
on the spot. Any attempt to 
to a drier or more conveniei 
ment before the fracture 
immobile with splints, may 


Fic. 15. 


VEMENT OF A 
Mo PRODUCE 


inj loo 
injury to b 
leeding may occur. A 
: The injured limb should 
extreme care, and uni 


th 


(and. a Ed, the clothing should 
0 1f clothes must be removed, 
of the uninjured side should be 
ed first in the case of an upper 

» injury. If the injury is in the lower 
the t can be slit up by keeping 
seam, and boots are first unlaced and 
‘the stitches up the back seam can be 
fok bleeding must be dealt with and 
sed without delay, any wound dressed 
as it can be and splints applied. Con- 
y, the patient is treated for shock, 
1o say, he is kept warm and made as 
ble as may be, both physically and 


\ may have to be improvised, that 
Articles of everyday use may have to be 
in the emergency, such as a walking 
or umbrella, or scout's staff. Anything 
ciently long and sufficiently rigid 
the broken ends of the bone from 
on each other will serve. 
splints of wood are used if 
improvised or not, the 
uld if possible be a little wider 
injured limb and should be long 
to extend slightly beyond the joints 
below the site of the breakage. 
should be padded on the side next 


Sra fractures a natural splint is 
d by another bone; for example if 
Ex splint bone is broken, the tibia 

forms a natural splint, 


oed eb bone.—When the 
o ; the patient has a 
dry Ly relieve the injured part 
the pe inj the arm by supporting 
d ured side with the other 

à collar ded in dealin, 
+a collar bone fracture as it is very eae 


mple fract 
should peoa carefully 
À Si e, the injured 


meanwhile, Two or 
bandages are made into a 
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ure into a compound , 
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firm pad, which is placed well up into the 
armpit. This pad is to take the place of 
collar bone in keeping the shoulder out in 
its normal position. The forearm is then 
placed across the chest with the fingers 
pointing to the opposite shoulder. Tw 
triangular bandages, folded narrow, are then 
needed. The centre of one is placed to the 
point of the elbow on the injured side and 
the two ends are carried across the chest 
and back respectively and tied on the 
shoulder of the uninjured side. The sec ond 


the 


ee 16. ONE METHOD or 
UPPORTING A BROKEN 
Cottar Boxe _ 


Th 
ie pad under the armpit should be noticed 


bandage is then 


CP m M placed with its centre on 


the two end 

S are carried 
SS the body back and ie 
uninjured side. i 


T he 
felt to make 


i 
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s i 
sept warm, given a stimulant if 
"y and reassured. There are a number 
| in method of putting up a 

llar bone, 
of the methods are, however, 


The patient should be conveyed 
mmediately, 


ire of the upper arm.—All the usual 
‘ure may be present in a case 

rm break. A doctor should be 

t in the meantime the arm 
mmobilised by two or more 
plint should be placed on the 

the arm from the armpit to 

id being put over the upper 


17 SuPPORT FOR A 
Ax iN THE UPPER ARM 


isc t at the armpit. 
er geo on the outer 
he shoulder to the 
are available, 
t and the back 


prevent d 

wmd splint is P 
| the arm from t 

If further splints 
nal ones at the uy 
rs be be made do 
E f firewood, folde 
f stiff cardboard. 
braces, and 
the splints, 


nporary 

suitable ieces ja 
or pieces s 
jages, handkerchiefs, 
à; sed to affix 


rs 
' 


g banc 
ties can be u 
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even in first aid practice, 


Fic. 18. SPLINIING AND BANDI 


one bandage beng D 
below the site of th 


weigh 
to overcome the tenden 
two broken ends of the | 


Fracture of the fo: 

of the forearm, one or b 
broken. If both bones are 
be marked deformity, w 
alteration in length of the 
bone is affected. The 
supported across the chest 
is slightly higher than 
. thumb points upward 


FOREA! 


the arm. The outer E 
only to the wrist but the 
reach to the end of the 
supported in a large arm 


Fractured ribs.—1f the 
there will be pain on ct 
there may be er b : 
has been injured AP 
blood. A icu 
ould be tied firmy Tur 
the site of the injury 
similarly, the er 
The knots should 
front of the hie oe 
on the uninjure 


SEE 


round the ! 
by a broad pam vel of the : 
is d E e up EON being at the le applied to th 
E T — itm hae i bot splint should be m from the 
it appears injury present, $! he thigh to rea at 
"m cos deme opal d in side of the second broa 
" - VA the knee. A he body 
A. res y canse Ep E uld be passed round e the 
cae pressure may cause ut on. In con- sho Pie a level with ! " ip 
the tung, A sling only f Pu Dis which long sp e are now tied 
= pan E el he patient Two narr : the first above ang 
onk be done without i n the the two e site of the fracture 
i ted rather towa Bo bdor the the fracture 
should lie suppor the uninjured lung ee aver the actus te of 1 
injured side, so that (d breathing. Any bandage M uer bandage now tie: | 
shall be free for unimpede ana bandage now ties 
t clothing should be loosened. long splint to the mi T e din 
tigh l signs of the figure of EN ae i hee 
Fractured —T ua. £ ; s 
thigh. Tes Eus cannot feet is readjuste E xm 
NE toot tends | y rolled out- and additionally and la dia dear 
ptm sali "wt di foaled, the tied together, the long sp 4 
ward, Before splints ca 
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Fio. 19, THE SrLINTING AND Banpacine or A- FRACTURED THIGH Bon 
limb must be very ge 
straightened out so th 
side by side in their natural position, and the 
two feet may then be tied together with a ` to 
figure of eight bandage, 
^ long splint should be applied so that 
it reaches on the outer side from the armpit ance and lifting. Also ill 
to the foot, Broom handles, walking Sticks, bandages should be put in positi i 
4 cues and umbrellas can be improvised applying the splint, so that ther, 
As splints. If the splinting material is too minimum of disturb à 
t, two pieces 


turbance for th, 
should be tied firmly (qium h i 
together so pe they overlap in part of their S Lot be 
$0 that 


one full-length splint is 


ntly and cautiously 


in. All the knots are arranged t 
at the two legs lie 


the long splint. 
A splint should be used very cauti 
push the bandages under the | 
should be moved as little 


hand pushed under the liml 
much disturb 


iml 
as possibl 


> will caus 


A helper should stead 
the operator adjust 
Splint is first a 


y the long splint 
S the bandages in 
Pplied to the chest 


ca 
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30. THE SPLINTING OF A FRACTURE OF THE LOWER 


ued lower leg.—As in the forearm, 
is broken, the unbroken 

stural splint for the fracture 
y less deformity shows. The 
! be treated without taking 
The lower leg should be 

two splints, the outer extend- 
| the knee to the foot and the 
knee to the inner ankle. 
tied together; a bandage is 
the knee and the inner and 
ind the thigh and the outer 
ind the two splints and the 
ve and below the site of the 


Fractured knee cap.—If the knee cap is 


oss of power and much 
swelling round the knee 
joint. The important 
thing is for the knee to 
be kept straight and on 
no account should the 


is | 


fan SPLINTING ^ 


PRACTICE ROREM 


wp BANDAGING OF ^ E 


patient try to straighten 
It must be done by t 

wise the two parts of t] 
will be pulled further 
damage be done. TI 
gently raised and a lon 
behind the knee to ext 
of the thigh to a 
The splint should be 
narrow bandage round 
thigh and another ro 
lower leg, the heel 
hassock or low box 
narrow folded bandage 3 
that its centre is on 
immediately above the ki 
are taken behind the | 
behind over the splint, t 
and tied in front of the J 
of the fracture. In this 
the bandages are on tl 
and not on the splint. 
best moved in à sitting 


d 


posi 


DIAGRAM TO SHOW WHAT IS MEANT 
THE DISLOCATION OF A JOINT 


ins and sprains.— While fractures 
in the length, as it were, of bones, 
d ations and sprains are injuries involv- 
ng joints, | 
In a dislocation, the ends of two bones 
Which are naturally in contact and move 
the other, are separated, or, to put 
way, the bone has moved out of 
et at the joint, When a dislocation 
occurs, the ligaments holding the two bones 
] E s tion, and the muscles and tendons 
he joint are torn, and there is an 
* of blood and lymph which shows as 
ound the joint, 
ns that a dislocation has occurred 
om the history of the injury, are 
^d swelling; change of shape in the 
C ed to the Corresponding joint 
er side of the body; change of 
e limb; relative loss of movement 
b and alteration of position 
by the limb when at rest, 
no made to re 
The patient should i^ E 
possible and taken to 4 
wwe Ay, as the longer a disloca- 


reduced the Thore difficult is 


of th 
is 
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applications should be made, acc 
which give the greater relief. In th 
upper limb dislocations, the arm shout? 
supported in a sling. 


} 


Ned 


Sprains.—Sprains have been ca 
dislocations.” The two artic ulating su 
of a joint are, by a sudden injury | 
apart and the joint ligaments, and ten 


The parts should be kept at rest, a bane 
being applied to help in maintal be 
position of maximum relief. Hot of a 


and muscles round the joint are torn and 


stretched. The swelling is caused 
by the effusion of blood and lymph in! 
tissues from the overstretching 

A strain is a stretching of a part s 
there is pain but no swelling. 

The treatment of a sprain must in 
rest, the part being raised, if pos 
help the circulation, Cold applicat 
to prevent inflammation and to decr 
bleeding from broken capillaries. — 1i 
applications. cannot be borne, then 
applications may give relief. 


pu 


Sprains of the upper limbs should lx 
up in a sling with a steadying splint 
necessary. 
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rain d ankle 
% avoided, for to walk i 
fi on 
he injured tissues further DN 
nappens some distance from home 
me walking is essential, the boot 


A 


THE IMMEDIATE TREATME | 
OF POISONING 


| ny cases of poisoning the kind of 
| that has been taken cannot be 
ed The procedure should be, 
! for the doctor, stating that the 
of suspected poisoning; (2) to 
ther there are stains or burning 
mouth, inside or out. : 
staining or burning of the skin 
e patient should not be given an 
make him sick. Milk, oil, white 
5 beaten up in milk or barley 
iid be given. They are non- 
nd will soothe internal local irrita- 
relieve pain. Milk, by curdling in 
nach, may take up some of the 
od thus prevent it from being 
mme diately. 
there are no stains present, efforts 
t be made to make the patient sick, 
+t the stomach will be emptied before 
amount of the poison has been 
Vomiting can be induced by 
back of the throat with the 
a brush or feather; or an 
substance which will 
vomiting, can be given. Warm 
ands is often readily available; a table- 
conful of mustard in a tumbler of warm 
` ter: two tablespoonfuls of table salt in 
ipei „pid water; or a tablespooniu 
s teacup of tepid ¥ d 
( Ipecacuanha Wine can be used, an f 
bes t induced rapidly, more © 
taken without delay. 
and drowsy, sick- 
one of the above 
be kept awake. 


the 
with 
that 1$, à 


cx 


H the patien 


ould be induced by 
and he should 


peus sb 


methods, 
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should not be used if 


- If the 


should not be removed 
bandage should be 
and the boot, and 
dries, tends to ti 

gives greater Suppo; 


Strong coffee should b 
the tendency to go 
patients, a teaspoonful 
half a tumbler of wat 
Having taken these 
the operator shoul 
questioning the pati 
the remains of possi 
cup, what poison has 
certain that the patic 
poison (having corr 
mouth) then, in order 
he should be giv 
spoonfuls of magi 
in water, or ceiling plaste 
water. E 
If it is certain that 
poison has been f 
be given several tab 
or lemon or orange à 
Any remains of the 
vomited matter should 
doctor to see. Shock 
keeping the patient 
hot coffee or strong 
Poisons can be 
1. Corrosives. 


salt of ed oxal 
or oil of vitriol; BY 
of salts; aqua fortis 
acetic acid. .Corrosi 
soda; caustic 


BPRSI AID E. 
hartshorn imi then a further aim ! 
"ues been eliminated, ipai 
= ERENT BE P i "tilute the poison as E as s - B 
: i r shock. 4A» 
really an acid. isoning there are white also ee detailed Fey 
In corrosive led look in the skin the emetics al NE on unm. 
patches and rs M throat, there is pain and if p E E e 
round the mou 1 intness, sickness and the treatment shoul a name 
in the stomach, faintness, à ked the patient retains the poi: stomach 
m comes on at once. [here is a mar len nm egre 
ing feeling in the mouth and throat, oison can be diluted by giving the pat 
an intensely sharp taste and difficulty in s io eA y the patie 


swallowing and in speaking. — 
M Mad earlier, no emetic should be 


given, ; E 

The poison should be diluted with copious 
drinks of water, barley water, milk, eggs 
beaten up, and any non-mineral oil. 

Collapse from shock should be combatted 
with strong coffee and the poison, if an 
acid, should be destroyed by an antidote of 
chalk, magnesia, plaster, or whitewash given 
freely with much water. An alkali poison 
is destroyed by giving acid with water, 
vinegar, tartaric or citric acids or lemon or 
lime juice. Phenol or Carbolic acid poison 
is destroyed by giving two or three table- 
spoonfuls of Epsom Salts in warm water. 


Irritant poisoning.—lrritant poisons in- 
clude such substances as tartar emetic, an 
antimony salt; rat poison and Scheele’s 
green; compounds of arsenic and strychnine; 
white and red precipitate, that is, mercury 
compounds; verdigris and blue stone; i.e., 
Copper salts; red match heads and rat pastes 

contain phosphorus; poisonous plants 
such. as laburnum seeds, or bad fungi; and 
tainted food such l 

TA Stich as bad mussels, and fish. 
BE a sever pepe i quoh iritant 
ccn adii pains in the stomach, 

at varying times after the 


f rd taken, There are often 


ing, and purging and there 


> the muscles, Th 
of the patient's breath may help or 


has been taken ; 
staining of the mouth usually, Ro» 


doctor should be sent for, The import- 
are to eliminate the poison from 
res , vg às even if the pati 


beaten up eggs, sum and water, and « 


such as olive, linseed, cod liver or ; 
oil In phosphorus poisoning no OU ah 
be given, as the oil combines with 
phosphorus detrimentally to the patient 

Strong tea or coffee is given for collapse 
and the patient is kept warm. 

Strychnine (or nux vomica) produce 
violent rigid convulsions only. An emet 
must be given, and if breathing 
artificial respiration should, if possible 


started. 
Narcotic poisons are those product 
drowsiness and, later, 


insensibility The 
pupil of the eye is, in opium poisonit 


contracted to pin’s head size, the breathing 
is deep and inclined to be noisy, the fac 
is often flushed, and the skin cold. There i 


no staining of the lips. The smell of t! 
breath may help in deciding what 
the patient has taken. 

An example of a narcotic is opium whic! 
occurs in the form of laudanum, and 
chlorodyne, morphia, syrup ] 
child’s teething powders, cough sid 
other narcotics are alcohol ! 
veronal, 


In the case of suspected narcotic poisoning 


sent for and efforts sh 


ot 


chloral F 


castor 
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be left ak ne ae Ho : 
Pe left alone even if he se E 
further colla. seems bett ; 

ü rige o. ys occur nexpeciédi o a children to ] 

LI mu d be warned on no accon Qo 

y unknown br nt As plants were co! 


h th ] 
" they may find in 


} 
Der 


particularly in the 
nes, though they 

nous to man. l 
‘dren eating 


fung . 
tungi are not 


been found useful and enjoyable 


THE IMMEDIATE TREATME 
OF INSENSIBILITY 


NSIBILITY occurs in a number of 
nts and illnesses, and the first 
to do is to try to find out the 
Even, however, if the cause cannot 
liately found, general treatment 
begun without delay. A doctor 
immoned. Meanwhile the opera- 
| lay the patient on his back and 
comfortable. If the face is pale, 
hould be kept low on a level with 
but if the face is flushed, the 
nd shoulders should be raised on a 
coat. Any tight clothing should 
ned, and the patient should have 
; fresh moving air. People must 
wd round him. 
v or wound should be treated 
bleeding If there is a head 
v this may be the cause of the insensi- 
If there is convulsive twitching of 
muscles, some hard substance 
ween the teeth, to prevent 
bitten. The patient should 
X as quiet as possible until the dA 
and no stimulants given if the 
i ibility is uncer- 
at all should be given if 
as it may Cause 
the shoulders 


^ : stopped. 


face 
iid be put bet 
tongue being 


be key 


ongmna 
No liquid l 
t is unconscious, 


f the patient is sick, 


tain 
the patien 


choking I 


ight-coloured berries 
the hedgerows and 
autumn. Many 
he look attractive 

There is less danger 
fungi promiscuously, 
palatable unless 


should be raised and 
one side. If necessary, 
should be given. : 


Fainting is due to lack í 
brain. The patient feels 
pale and is uneasy and 


pulse is feeble. Some chi 
become faint from prol 
opposed to walking, such à: 
school assemblies. 

The patient should be 
air or near a current of ¢ 
flat, with no pillow for th 
can be raised a little, t 
tothe head. Tight clothes s 
Smelling salts to the nose 
When consciousness is 
stimulant such as hot 


given. f 
Concussion, caused byal 
the head, ae eue rise. 
The face is pale ane | e 
and the pulse feeble. The 
and cold. The patient. 
returning to consciousness. 


to try to arouse such à | 
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i i f the sun; heatstroke by great hea", 

A doctor should be summoned, and tight p a pus EE OY End engine 
as well 


e ver i ist edm rooms particularly if the air is mí vist 
is. foumi this shoulc be trea . i 5 event the loss ot 
should not be raised. The as hot, as this tends to prever xls 
ERO bat vum, but cold water excessive heat from Bw skin OY cones z m 
cloths or ice should be applied to the head. : The patient has severe i 21 em | a 
If the patient recovers consciousness and = in the head, and feels giddy anc MR 
wants to move about he should be dissuaded pulse is quick, the skin hot and burnin 
from doing so and made to rest quietly, as the breathing is rapid and the face flushe 
the brain will have been jarred. There may also be vomiting. 
A doctor should be summoned. 
Sunstroke or heatstroke may cause insensi- clothes should be loosened and the patient 
bility. Sunstroke is caused by the direct removed to a cool place. Fanning will helj 
to make circulation of fresh air immediats ly 
Cold water should be applied to the head 
neck, and trunk or the patient should lx 
wrapped in sheets dipped in cold wate: 
This treatment should be carried on 
some hours. When the patient is conscio 
he should be given water to drink but 
stimulants should be given. 


light 


Carbon monoxide gas poisoning may « 
insensibility. This gas is generated by 
running motor and is given off by mot 


Fic, 2 = 
The * 24. First 
Por soana] distribution 2m 


^ 
n 
some 
C. By tying reason more blood bod: 
P "no down flat, the distrib sets in the di 


AD T 
R 
of blood in the EATMENT OF FAINTING 


Š bution of bleaa v domen, and - 
The effect wil} be even y raising the eee is equalised bees Slatively, less blood į : 
» 90 I the head, 


rapid 
ipid if the arms and legs are raised, 
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the open air | 
us “ir harmlessly, but . 
Le. , Ae es of m he Ec e 
« 1 ye 1 NS 
Er. ul. Gas geysers Walking home p 


' in some industrial processes 


nt for and 
istry, 


with 


ient breathes oxygen, 


IHE IMMEDIATE TREATMENT O 
CESSATION OF BREATHING 


cating is impeded and stops, 
ity soon comes on, and suffoca- 
occur. No time must be lost. 

t must be taken away from the 
the suffocation and efforts must 
» restart the normal breathing 


Drowning is a common cause of such 
Here, artificial respiration must 
ed without delay, and it should be 
for at least an hour or until 

scathing is resumed. 
should be sent to fetch a doctor; 
‘ and blankets and, if possible, 
» bottles or hot bricks should be 
All tight clothing should be 
particularly from the neck and 
( the patient is unconscious, time 
t be taken up in removing him to 
icial respiration should 
Any delay may 


tef he artit 
| on the spot. 


it useless 
Any weed or es 
‘ed from the patient t 
that breathing 1S not impeded. 


s swallowed much water 
in the breathing tubes, 


obstructions should be 
's mouth and 


so 
f the patient ha 
i : 

there is water 
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ay produce CO and the 


ympt on are giddiness, Weakness 
! palpitation o| > hea 
1 should be Wee 
resh 
quickly as possible, A doctor 
artificial respiration 
the artificial respiration 
the use of an apparatus 


R 


y 

Symptoms. Hot coffee <h, 
a stimulant, but m 
to relieve the "headache 
the heart adversely, 

In all cases of insens 
that the operator should 
allow crowding round th 
Spectators something 
to dispose of them an 
too, 


it may be necessary 
patient lying prone, so 
out by gravity. This shi 
second or so. 
Artificial respiration 
according to one of se 
The Sylvester method. of 
tion.—The patient lies on. 
folded coat under the sh 
tongue must be pulled ou 
assistant who grasps it Y 
Care should be taken to 
fall back and block the 
lungs. The operator the 
top of the head, and gri 
forearms. He first ben 
presses them against 
of the chest firmly, t 
natural expiration, and 
steadily upward till the 
above the patient’s hi 
ground on either side of 
expands the chest 
air as in inspiration. 
It is of the utmost im 
movements m be 

and not repeated t 
minute, the normal 


Fic. 25. SYLVESTER METHOD OF ARTIFICIAL RESPIRATION 


In this method the arms are bent. 


HE SvLvg HOD OF 4 S 
E STER MET: OF RTIFICIAL RE I 
S M A RESPIR 
S A 


In method the arms are extende 
n this met] he e extended, 
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R 
an adult when at rest. Quick jerky and super- should be removi 
ficial movements will not fill and empty the with dp 

chest of air 


y warm blankets 
5". Water bottles or hot brick 
of artificial Yespiration,— Should be put to the feet. 
e patient is placed face of the body. 


nward on the ground, with a folded When the patient has 
ler the lower part of the chest, The he 


tor kneels astride or to one side of He 
nt, facing the patient's head, The breathi 
laced over the lower part of the i 
over the lowest ribs, one hand vhi 
of the vertebral column. The occurred, artificial Iesp ation | 
! not be below the lowest ribs. tried, while medical help is. bei 
mistake is to place the hands 
cls of the hands are over the Fire.—In cases of EC 
^ over the kidneys. With smoke may occur. To 
! position the weight is smoothly insensible from a smoke- 
vard on to the hands to produce rescuer should tie a n 
upwards, In this way the his nostrils and mou p 
as any water, is driven out of just before Mg 2j 
lungs. The patient's head is crawl on all e RU 
ne side, and there is now less tends to oa iid 
it the tongue will obstruct HE E iuh patito 
' ige an there is in the : d harm 
} nan à $ than th i Say t 
methoc 4 i f 
t of the operator's body is now M crawls on all fo 
wiy to remove the pressure ee BE. can be dragged along 
id not be moss bak ld patient's legs being be 
i ward and forward movement sho to the rescuer. In this way a 
nued withott anvuEE ond drag a much heavier pei 
times a minute for at a an this meho en Fo 
natural breathing restarts. lly be practised in connec 
IN tag s o this d E ES fre dil It is thoroughly 
only one person to carry 1 Vm children. " 
r is introduced into the e the If a room 1s M F 
F | not be fixed out o d the rescuer should no A 
gue nec e. injured, nee d let out a r! 
\lso, the arms, 1 the at once ani 
‘sed. and, as stated above, 


hafer's method 
* method, t! 


i . The rescuer 
be used, Js possibly femes d one foot 
Ix à is facilitated. with his body and o E 
| of water p patient should be - that the door will PAP : 
wding ape he rough handling. ud and can be re 
nted and also an) 


tient is cautious 

r hese methods, when the e necessary. be taught in f 
With both te the ee ith should also be to jump 

breathe the a movements wit If itis nee y E 
ificial respirati of breathing. Once to escape from dn legs 
Sr nyt d, vigorous efforts on the Varo he 
— ne resti the dr there turn Dd pur 
sid be made to E should be MA and his Welg * 
n " legs, arms -s NAE Wet clothing 
get below 
briskly from 


face 
+) 


I ? I " SPIR N 
^ ETHOD OF CIAL RESPIRATIO? 
ScHAFER'S METHOD OF ArTIFI 

| 7 CHAFER'S A 

MIG, 27^. 


s the inspiration position. 
Lis prone, Theillustration shows the inspi 
The patient is prone, 


Fic, 275, 


SCHAFER’S METHOD 


OF ARTIFICIAL RESPIRATION 
The patientis Prone, The illustratio, 


n Shows the expiration Position, 
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shed by lack of oxyg 
"m" 
ë burning 
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v slips carefully down until he ; 
on the window-sill by his binds 
| n this hanging position eeu 
"e “stance to drop and the likeli 

‘Gent on landing. 
| be noted that draughts through 

n which a fire has broken Eg. 
,'^e fire and make it burn more 

Hence, unless they are in use 
in lows in such a building should 

While fire extinguishers and 
juench most flames, when oil 
'mng fat is the cause of the 


earth or sand are particularly 
flames to smother 


it on. the 


celluloid toys should not be 
A case is cited 
irl who was burned to death 


en to children. 


BURNS AND SCALDS 


NS are caused by fire and dry heat 
y the action of corrosive acid or 
scalds by hot liquids or by 

that is, by steam. There are 
of burning; painful redness of 
nly; blister formation, and actual 

; of the tissues or charring. The 
legrees are only dangerous to life 

fects are very extensive, so that 


severe 
meone's clothing catches on fire, 


nlooker should make the person on 

down and roll himself round in any 
» mat or table cloth available. Curtains 
| be torn down and wrapped round 
Y and everything done to 
ames, which are ex- 
en, Anyone who 
fire when by himself should lie down 
. yn all fours, to help or to 
an run apres f 

ceeps ight and move 

ped ae oe pc are fed 
d will burn more Vigor- 


burning person 
, smother the fl 


ce 


il. or crawl on 


through the 
more oxygen an 
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because s] po t 

Ru. . Coloured « 
used On a Christmas 
instead of open ligh s 

It should be remembered 
used for Christmas 
deal of resin and are all 
Table themselves, Siml 
candles in paper lantern ; 
discontinued. The sl 
over electric li 


the children's very enti 
makes them less io 


Fawkes night. 


ously and also will burn | 

In domestic science 
is danger of children's d 
it is a routine practice 
blanket ready to wr 
whose clothes catch fire 


Treatment of burns. 
of burns or scalds two 
considered, the shock 
or burning. ; 

In severe burning there 
that germs will enter the 
the burnt area and cause 
Shock and blood poisoning 
causes of death from 
will have destroyed the 
the area of the wow 
aid is to prevent fresh & 
the open surface. Hence | 
be to exclude air, because 
will be dust particles 
bacteria, whic will n 

inflammation if the 


care s D removing 
must be t iken In mo 
Great 


s a burn. The clothing 

ould np gm Se distance 2 

x A pee scorched bee a 

Dre E the wounded area shoni T 

" until a doctor sees the pa re 

dg ee es of clothing should be pu a 

E Biens should also be left and no 
away. s 


Nm is ver 
“i the burnt surface to be dressed is very 


A, WM possible the burning piece of cl 
VW. The person whose clothes are on fire 


©. The hands can be used to beat the flames out, 


extensive, only part of it should be 
and dressed at a time. 
be laid on in o 
When the burn i 


is s has an 
ent effect; it facili 


in to prevent contracti 


- It must be 
and a solution made 


on of the tissues 
Stored as a powder 
up fresh for use When 


i S » delay 

is entails some l 

a M enin acid ointment 
d. After the pcd 
lisht bandage of cotton 
i would complete 


requ 
emergency. 
also orin 
dressing an! 
round the wound 
dressing. M 
inen or lin ide E 
" lso be used. Failing thi ^ 
rm E ointment, vaseline, ano se 
Es il i > ' used 
A or carbolic oil (1 in 10) can be 
oil, 


is 


soaked in picric acid 


Fic, 28. First Arp in BURNING 


lothing should be removed, 
should lie down an 


d roll, trying to smother the flames 


lint being soaked in the oil, 
or picric acid dressings 
to be preferred because 
not aseptic 


Fhe 


an oily dr 
and the oil has 


to be remo 
by the doctor to facilitate further treatment 
For the same reasons Carron oil is not ; 
advised wh 


ere there is an open woun 

a burn, 
If the hand or fo 
boracic solutio; 
water) 


dressin 


in an 


Ww 
V 


are, however, my 
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shock, while the dressing proper 
epared. The temperature of the 
1 be kept at 98°. 

bedy burns, even if superficial 
a high degree of shock and it 
erable to treat the shock condi- 
It should certainly be considered 


‘ly with the local treatment. Shock 


the getting and 


purl 
mes children scald 
t by sucking a hot 


Ld <HIS ` i 
electricity of lightning, 0 


sentiv 
rent for 
its; 
ywrent í 


An 


electric wires 
„aterial such as 


person touc 
pet 


an electric cable thr 


he borne without inj 


^ feeble pulse, cold hands and 
w breathing and possibly semi- 
Ihe clothing should not be 
| the patient should be kept 
a covering, hot water bottles 
given stimulants such as hot 


tr 


ng is from chemicals such as 
s the part should be held under 
iked in warm 
dilute the 
This is of more 
as a first step 


{ the appropriate 
Having got rid 
ical the wound 


treated as an 


it, and there is 
suffocation from 


ELECTRIC SHOCKS 


1 
-aused by the natura 
i r from the 
a live wire; 
ough which a 


i ing. The 
erful current is pass 
the lighting of honte i ee 

olt c t is dan 
100 volt curren : icr 
volts is as 

f from 20 to 30 Hee: Normally 
with insulating 
If, however, a 
that the 


may be 


icial electricity of 


pow 


covered 
rubber. 4 
ked live wires so 


are 


hes na 


the swelling up of i 
sponges or flannels 
the front of the neck 
patient should be given 
and ice to suck, A do 
be summoned. 


circuit is closed the cur 
the wires will pass ' 

is violent conn and. 
and there may isib 
The parts of the clothes | 
the wire may be Di 93 
The first thing is to l 
rson from contact with © 
this must be do 


the ground, The rescuer stands on a d: 
from 


clothes, without 


made to short 
dropping am iron or 
word drop, not 
that one end is in 
the earth. If there are two 
t bar should be dropped so that 
et with both and with the earth, 
should be protected with rubber 
ing these, a rubber mackintosh, 

ef tobacco pouch should be used to 
h and grasp the patient, a dry woollen 


Fic, 30. First AID TREATMENT FOR ELECTRIC SHOCK 
earthed by the dropping of a metal bar so that the bar crosses the live wire, and one end is carthe! 


folded coat and, wearing rubber gloves if possible, be lilt 


contact with the live wire by using a dry non-conducting belt. 


coat being dropped round the patient 
Then the helper should stand on an india 
rubber mat or a dry pile of clothing to 
insulate himself further, and pull the 
patient from the danger zone. A doctor 
should be sent for. The patient should be 
put in a reclining position to facilitate 
breathing and fresh air should be supplied 
by fanning or by opening windows and 
doors. All tight clothes should be loosened 
and if breathing is difficult or appears 


to stop, artificial respiration. should be 
given. 
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Foreign bodies in the eye may be of two 

which lie close under the lid 

nbedded in the surface of the the aci i A 

particles of steel or grit. If a m eer 

cannot be removed from the sight from burning. If 

mable speed it is of the utmost splashed, the eyes sho i 

to go to a doctor without delay solution of weak alkali, 

treatment, Otherwise, inflamma- soda. Tf it is an akai 

in and may even cause the weak vinegar is indicated 

eye. The patient should always — to a pint of water). 

ed from rubbing the eye, but Finally, some drops of 

the nose, excess fluid from the should be dropped bet 

carried away by the ducts and light bandage app 

from each eye. taken to a doctor. 

ve bodies lying under the lids, é 

| should be carefully lifted slightly Foreign bodies in the n 

then closed so that the eye lashes may insert small row 

wer lid brush the inner surface of nostril. The child may | 

lid. Often the particle is removed nose; sneezing may b 

ishing pepper. If the body is 

this method fail, the upper lid may taneously thus, the ch 

ly everted. The patient sits in a toa doctor, as harm 

t, the operator rane be to get the foreign 

orting the patient's head agains z EL 

The nati is Bue t Tomi i 

A match, or bodkin is place hat noite s 

across the lid about half an inch ant tha child's e 

margin, and the eyelid is gently Pe du qum dr 

i " > tch. A camel hair the ody Ae 
ick over the match. then be be seriously injure 

lipped in boracic lotion can If the liquid into the ear may m 

to brush away the parti’ id can as a pea swell up : : 

te is on the lower lid, the eyelid c The child should be 


Hed down and brushed similarly. I d 
p b Ms is embedded in the eye without delay. 
If some substa E p: iz 
if - attempt should be made to Du riu ii 
ne or two drops of olive oil Z e = ee may 
"s ild be put in the outer corne M 


ox E d 
E should be lightly bandage relatively stodgy 


be told to open and 
in the running water to 


Ider 
wn 
vise 


sue 
D 


food, in Y 


` he eye to 4 
ye, tx ^ lo limit movement of the eye to may become embedded 
nei net and the patient should go as thick poise us ] 
me extent, i > j Purgat' 5 
elay. ing. : ; 
a doctor —— is po in the eye, 23 pu p patient 
|f acid or rz a school laboratory, the AD 
might ha P put his eye under a tap an 
€ 


patient shou 
pat 


NE of the problems of gas attack 
îs to decide if gas is present and if 
form of gas, because the 
different classes of gases 
. The presence of gas can 
recognised by the small, but immediate 
t effects, by visible signs such as a 
o cloud of gas, or by splashes of liquid, 
ind by chemical tests of the atmosphere. 
The lung irritant gases can be fairly readily 
detected by their characteristic smells; for 
le, phosgene smells of musty hay. 
drrilant gases are almost odourless 
their irritant effects on the nose and 
roat and the tendency to sneeze shows 
that the gas is present. The tear gases also 
are detected by the immediate effects in 
king the eyes water, The smell of mustard 
a blister gas) is not pronounced nor are 
fleets of it immediate, so that it is all 
im? easy for people to underestimate the 
| p can be detected by a 
mell as of onions or horse-radish but 
| people can only notice this when 
felatively high concentrations of the gas 
present, SH liquid splashes from which 
-Inustarc vapour is given off are of 
ok to a yellow straw colour and 
This for the inexperienced to recog- 
E ol however, combined with the 
able the js CARS should 
ober E 
7 aote blister gas ae 
t geranium-like smell 
» It also has an irritating 


^^ 


and they are fatal 


. In the m 
; atter of 
= which et the lungs, a certain 


FIRST AID 


GAS DETECTION 


uietly. Hence the active 
ffected by the gas present 
ater extent than 
There would 
nake one 


someone sitting q 
person would be a 
more quickly and to a sre 
would the sedentary person. 
rarely be enough gas present to m 
or two breaths dangerous. : 

The nose irritant gases—mainly 
from arsenic compounds—produce 
pain in the throat and nose on breathing 
the gas, but the effects soon pass off in fresh 
air. 

Tear gas is a general name for any irritant 
of the eye which produces an immediate 
flow of tears and smarting so that seeing 
is handicapped. In the fresh air the etlects 
soon pass off, and no permanent damage is 
caused. 

The blistering gases, such as mustard 
gas, not only affect the throat and lungs 
if inhaled, but also produce intense irritation 
and burning of the skin where the gas has 
come into contact with it, Such skin contacts 
do not produce immediate pain; the effects 
may not appear or be felt until some hours 
later according to the extent of the contamin 
ries ae go te pene i 
this eee En the: given time, and 
degree. se War gases in their 

The gases used in a BM athe 
times classified as x, E Attack are some. 
and 2, persistent gases. 


smokes 
intense 


n-persistent gases 


Non-persistent 
clouds which drift ab 


These 
€ more harmful an 
ts on a still, windless 


gas 


© people attacked 
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i and phosgene are examples of non- contaminated, qf the 
detected either by 
symptoms, the respirato 
To take risks of becomii 
lessly is to put greater 
aid services, likely at such 
be overworked, as well 


^ 


Persistent gases are generally liquids which 


poisonous vapour and continue 
^ long period because they 
ry slowly. (It should be noted 
gas” is used for all these — carryin dinary 
"sons Whether they are solids, the a ee Ep x^ 
y pours ) The ground, or any individual, it is important tha ý 
rücle which has been splashed — tions should be taken, — 
will thus continue to give It is suggested that every 
vapour, and steps must be have a gas protected 
tely to decontaminate as crevices of both. windows. 
possible. completely sealed up. How 
ind mustard gas belong to done and the arrangement 
t class, Mustard and similar that people on entering 
will produce skin burns from let in gas in the air, is: 
contaminated clothing and Air Raid Precautions — 
ill the blistering liquid has Protection Against Gas 
contamination has been carried ment, price 64. This ] 
m weather the vapour from these clear details of the 
» comes off and mixes with and — be used, how they wor! 
air around more quickly than preserved in good con 
lay, but, on the other hand, this adjusted. An interest 
‘vantage that the contamination quest or out of school a 
of more quickly. boys would be to find out ho 
: works and should be Won 
La 'ent of a en 
Ant To e 
duty to do his best to avoid of clothing SE 
gas casualty. Unless tied to taminated n Mee Beli 
duty, everyone should tas DELE 
without delay in a gas protesta E both to prot 
everyone should have his resp! n d to prevent ` 
] i th him; blistering an Ea 
n a ee without his contaminated clot 
should leave the she : ination to other people 
efully trying to find out whether end "be frst thing is to get rido 
present. People whose duty co iia clothing and to dispose of itso 
m to be out during a gas attack s d " dangerous to anyone eise. - 
( va have their respirators at the rea yi arranged first aid station s, 
d. "should wear protective don discarded in an EX 
proceeds for trea ; 
chamber into iri 
ni 
rea, people should | aters which may actual enc 
windward of any git 2 and not to E i E with b 
till contain po em earth which may P anand of chlorine. 5 
ebris because this may Þe 


ay 


í 


any fresh d 
sttered in the street, 


niment is well rubbed into the 
"which has been contaminated and 
n two minutes, the surplus is wiped off. 
wh washing of the affected area 
“hot soap and water should be done 
thout delay, and if bleaching ointment is 
ot available, washing alone should be 
‘ried out. The application of bleaching 
ower is only more efficacious than hot 
pap and water washing if the ointment can 
ed within the first five minutes after 
ination, As a precaution, the eyes 
"always be bathed in hot water, in case 
tion, not yet apparent, hasoccurred. 
if general contamination is suspected, the 
ng should be discarded, and the body 
«in hot soap and water. In any case, 
that may be contaminated 
mot be used again, until it has been 
: ed. A completely fresh and 
minated set of clothing should be 
after bathing or treatment. This 

| changing of foot wear. 
“bitin of ordinary clothing 
ds on whether contamination is from 


E. 


lothes contaminated by vapour only, 
out in the open air for at least 


aq» Aid box and its contents. A 
m eem be devoted to this 
Fi lesson periods will not 

successive ones. The most 

Seems to be to unify the 

On by means of a 
up step by step through- 


TS May prefer 
a series of revision 


am of the first aid box should be 
ence to somethin 
sting, In the case of boys 
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hours should be sufficient, but 


twenty-four gas, treatment 


i rment still smells of 
AM liquid contamination will be —— 
For washable garments, such as underc oth- 
ing and light dresses, washing in soap ane 
water for at least à quarter of an hour 
should be carried out. 

Liquid contamination needs to be dealt 
with by treatment in a steam disinfe tor 
but washing clothes should be boiled for 
at least an hour in plain water. 

Rubber boots can be decontaminated 
more readily than can leather foot wear 
and should be worn as far as possible. 

An important aspect in successfully com 
bating gas attacks, is that the morale of the 
civilian population should be maintained 
and panic avoided. This end can best be 
attained by a wide-spread knowledge of 
what is to be the procedure in any emergency 
People should know where the gas proof 
shelters are, how to adjust quickly their 
respirators and where the nearest first aid 
posts are situated. This knowledge must be 
reinforced by willingness and goodwill to 
co-operate in the self-discipline necessary 
to take the precautions directed and to try 
not to become a casualty, 


GGESTIONS FOR LESSONS IN FIRST AID 


tools ill ti 
are such as will tide the motorist 


an get to a garage. 
sy to the first aid 
ch are used to deal 
the expert aid and 
octor are available, 
ference is made to 
with some of the 
m the house, such as 
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skill, ervice for our possessions, lest we 


p irm than good in adjusting them, 
nt always to show the same wisdom 
uman beings are concerned, that is, 
ot to tamper when the expert 
ctor is required, 
r again refers to the tool kit, 
i ton to the fact that the 
nd other “gadgets” are all stored 
! box or bag, so that the driver 
hands on them quickly. In the 
n first aid the apparatus should, 
ible, be at hand in a box, for 
n 18 even more necessary here. 
! being "at hand" needs develop- 
y necessary that the first aid 
be accessible, The class might 
suggest places suitable for 
ting the first aid box. 
!owction of the work should deal 
ontents of the first aid box. It 
explained that the equipment of 
s different in different kinds of 
ind workrooms, according to the 
f the injuries likely to occur in the 
hops or rooms. The articles might 
ded inte two classes: “constants 


FIRST AID EQUIPMENT CHART 


FE ACHING IN PRACTICE 


First Aid in the 


a 


about first aid m 
be clean and be 
fore needs to be 
OX. 
The chart 


children, and the spells 
Should be short 


dealing with a 
poisons. On the 
used for revision, 


z - | 
s USECRAFT ROOM — | 
KOOM WORKSHOP HOUS t 
NOE tOO 
y E: } j Equipment 
u 
Equipment| Injury Equipment| Injury 
ry q 
Burn 
i Emetic | Splinters Tweezers 
] in fingers 
| 
EN 
des 
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FIRST AID 


in the Workshop; and then the entries will 
be added column by column (A1, A2, A3——> 
Wi, B2, B3. ——): ]t should be noted that 
under no circumstances should entries be 
made in the chart until the topic concerned— 
wounds or insect stings, for instance—has 
been. fully treated in class. : 

A study of the growing chart will enable 
the class to make their own decisions as to 
“eonstants” and “variables” needed in the 
first aid box. 

Experts often comment on the tendency 
to supply first aid boxes with equipment 
which is either too elaborate or unlikely to 
be used. If this point is discussed with 
the class, the children will soon see that 
E. overcrowded box defeats its own 
The interest in the first aid box, once 
aroused, needs to be kept alive. The class 
will realise the need for restocking the box 
from time to time as bandages and dressings 
are used up. There will probably be a 
number of volunteers in the class to take 
charge of the box. Where the task is allotted 
to two members of the class, it will, of course 
be necessary for the teacher, as the one 
ultimately responsible for the box, to mak 
Un that it is kept in proper condition’ 

nder the circumstances he would take care 


not to destroy the feeling of importance 
responsibility of his pupils. 

At this stage the teacher can make | 
of children's love of catalogues. A nun 
of advertisements for first aid sets, wh 
state the contents of each set, could 
collected and the class should be told about 
this some weeks ahead so that they may 
their contributions. 

Hectographed or typed carbon copies of 
these advertisements should be distr 
to the class with instructions to make 
decisions as to which box they would buy 
for r, the science room, 2, the school work 
shop, 3, the cookery room, 4, the playin 
field pavilion, 5, the home. Class discussio! 
would follow individual study. 

The work on first aid equipment should | 
rounded off by a discussion of articles wl 
are often used, and yet not found in t 
first aid box; for example, the advisabilit 
of having a thick rug or blanket acce 
for use in case of burns in the kitchen 
the laboratory. Such work will provide 
natural opening for a discussion on 
will serve as splints and bandaves ii 
event of fractures of various kinds In i 
Same way, the class can decide how m : 
keep a boy warm and dry if he ihe 
accident on th EUH hechas had 

e playing field. 


t 


1 


SAFETY FIRST AND FIRST AID 


HILE, with a li i 

n ttle ingenuit 
oram generally find en 
os sere my * teaching the various 
Mo DR d ; p Sometimes more 
attitude to first aid 
exact know 


the Child's acceptance of the 

a dude teacher 

Well, from time te i 

well : O time, to reinf 

a : » tO remfore 
irect training by direct teaching - 


A suggesti 
Be ae on for such direct te 


Sometime 


Cconvictior 
ol tions 
Nevertheless, it 


l of the 
> of the | 


S to the 
A Some of the items f, 
aN he numbers į E rie 


1 n parent} 
origina] list Parenthesis 
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langer of drowr 


ICE FoR 
t. The « üing,—care is neces- 
"Y When bathing in the Sea, rivers, etc. (2) y 
The danger involved in throwing stones Why this ite 
cr missiles at Passing trains and in 
nK on railways and cana] banks. (3) 
refrain. from breaking the glass in 
by throwing Stones, (6) 
langer of throwing bottles or 
on roadways or into ponds. (8) 
ker of lighting fires in or near 
nd woods, (ro) 


nger of prolonged exposure of really begins, The class 
he hot sun. (rz) to passers-by from i 
nger of eating plants. There in greater detail consid 
to Great Britain many plants procedure for such cases, 
‘nother of which is poisonous, Reference to No. t i 
Class Pictures Nos. 25 and 26 in the dne mas 
when ba: t 
1 ion fo 
list when read aloud to large provides an occasic T 
ildren as an official order i) ÀEU a e. 
i hi stic e : 
ike some children, md ing freed e 
iggestible, as well as sugg g cud tee EI 
nthought of activities of a non- f ie 
prse. i vour too against harm to persons 
nature. As lists, they sa tion, n medie E 
ou shalt not," The informatio: n important though tam 
ntained in many of these x barns can be ree T 
be used as the bases of oo ODOREM angle, : 
nd constructive teaching in firs ot will possibly occur out of 
| are fundamentally mee ec 2 In a simian Way REID 
| we imagine and they are DIA —“The danger of E 
rder. If, therefore, the c they the head to the hot st 
ood reason, "some sense po be discussion of s i 
y, in these suggestions they wi Such work ind 
p7 - 1 ul * itu e 1 
cept the warning. à P the right atti 1 
hil mus receive teaching b RC They should ral E 
es jut the year, but on. t RE » with regard PTA i 
ighou ft is "my own safety first. E uc acciden where 
ression left is "my ial training, p ip da the 
E pportunity for the uc d r others treat, or he aes have fe 
3 jar stressing safety first fo arising when 


il as ourselves. ist a varus 
us 2 n enm No. 3 on the lis 
as à Na 


H 


» 


Take 


the Basis of a series of Lessons for older Girls. It is an excellent 
ment to the Article on HEALTH EDUCATION. 


Swynnerton in the Tate Gallery.) 
New Risen HoPE 


INTRODUCTION 


wurposes. of this article, the 
B mmm 
the care o 

i Ta not ill enough to need the 

wholetime attention of a trained nurse. 

A visting nurse may carry out E 

treatments, but the general comfort an 

well-being of the patient depend on the care 
given by members of the household. 

In nearly every case, of course, a doctor 
will be in charge, but he will be able to 
reduce his visits to a minimum if he knows 
someone capable and well-informed is carry- 
ing out his instructions, while serious 
complications are often averted by sensible 
observant care of a sick person from the 
a nee of the very first symptoms of 
disturbed health. 

The HOME NURSE herself is probably 
responsible for the ordinary running of the 
household, so that the extra duties of 
nursing make her a very busy person indeed. 
She will be well advised to make an early 
opportunity of sitting down with pencil and 
paper and working out a routine for her 
days in which the claims of the sick and the 
well are carefully balanced, Good organisa- 
tion will save much wear and tear for every- 
one and will help her to remain serene in 
difficult circumstances, and if there are 
others in the family old enough to take 
extra responsibility for a time, let each be 
allotted a suitable task. Young people like 
to be trusted in this way, and old ones are 
often glad to be given a definite way of 


Any such assistanc il i 
ve i EM € will relieve 
n the sick room the nurse should 
appear fresh and neat, c; iain 
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se are even more Tans to 
M an air of t ipsis r 
try never to let the patient o Lit 1s ar 
but a pleasure to attend to aie ee 

The home nurse should rememb« : phir 
care of her own health and do = oom E . 
to get overtired. It may be. possi » deine 
with the feet up for a while in the afte p - s 
perhaps with the family mending but i " 
still with a book, and sometimes à refa Ne 
friend might be found to come in for an hou 
or two to release the nurse for a walk or an 
early bedtime, especially if she has disturbed 
nights. The slight change may even ix 
refreshing to the patient, but any instructio 
as to medicines due to be given or other 
details should be clearly written down, 
that no mistake may be made. 

The nurse may lose interest in her 
meals, but it is important to take regular 
and sufficient nourishment, particularly 
the patient's illness is an infectious one, such 
as influenza. 

She will certainly break down if she 


neglects these points, and if the sick room 
takes up much time she must make up her 
mind to “let the house go," and arra: 


extra cleaning later on. 
A nurse must be very obs 
accurate in reporting even small points to 
the doctor, and while she must not let : 
patient know it when she is we rried 
him, yet neither must she make 
that she does not realise how ill he 
first resolution should be, 
and her first aim to giv 
absolute confidence in h 
Surroundings, 


Tvant and 


about 
him feel 
is. Her 
“T will not fuss 

e the sick persor 
is attendants and 


THE BASIC PRINCIPLES or NURSING 


When a person i 
Tesponsible for hi 
ducing the Spe 


s ill, it is the 
m to assist na 
ediest possible 


aim of t} 
ture in pr 
reti 


hort 
k room, especially foras 
e of sick F 
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health Whatever the disease, the funda- illness but, when 
ntal needs of a sick person are: or à permanen 
Rest for mind and body, be confined to 
\ mfortable surrounding tempera- While consider. 
" n winter, cool in summer. selecting the m 
“ood ventilation, so that he always has It should b 
reathe modern wall 
nourishment in sufficient this Impression 
repetition patterns, Ther 
* of person and surroundings, blind RD that the windo : 
! treatment appropriate to the M din not 
own exclu he ai 
! return to normal life during a d uM ds 
an 
fapping—a most irrita 
i test is obtained only when the the patient is accustome 
Rest. -Rest eres d d 6 ‘ments darkened room and wo 
Irom worries anc excitements F d the bli 
y has been made comfortable hus a Be E i 
un rawn : 
REST for the patient cannot by other Bouss d om 
‘veved by the nurse; there may by ; : a 
io t she as to give privacy, ani ay 
household worries that she improvised Hom to Me 
ve, but every effort e e with a sheet thr 
range the sick person's affairs Linoleum on M 
and to maintain a serene polished ate quite 
round him. ith infectious illnesses, 
ust be sympathetically con- ks great merit of being 
being allowed to stay ae an electric cleaner is used 
vertire him, and any he does objection to it in many 
see tactfully refused pu The bed should, if 
KEST is the result of M with the head only aga 
but it is convenient to conside makes attendance ea 
e headings: face the Vnde M i 
ck room itself. } most trying 7 p 
AE of surroundings. sometimes e of the b 
| bed and bedmaking. change the BIN if there 
1 ' day. time, especially coi 
Routine for the da} ith different views, acco! 
ro at nig and interests of the "e 
The ideal sick room "Furniture is best kep 
sick room.— large to be easily inimum. Unnecessar 
nd airy (not too Jarg s indow minm leaning 
la a good sized wi ke extra cle 
in winter), with ag southeast for m. ourse a bare look 
= inter, or Ss Or O co is a nec 
uth in a linoleum and E bedside table is io duis 
a coal fire; - and not too m firmly, and 
the floor; à vel as the helf for books ; 
" sts on the same leve nem lower s h Id odds and 
we. It on S EIL ET drawer to. ae 
m and "ert oid glass top p i zA 
vista ccount of the re will be no ive a finishe 
in bars modern homes the tog 


rely fill up 
m Btusionally change 
not a strictly hygienic pra 
for the sickroom, but as aapke s 
are not easy to get and they , che pn 
liked by most people, 50 à little la i 
ic e the sickroom should be 
with as little noise and. disturbance 
possible. Cover the bed with a ck ag m 
sheet first, and do all dusting with . da . 
cloth, polishing where necessary with a " \ 
one afterwards. When the floor is washed 
see that it is wiped as dry as possible s 
not to create a damp atmosphere. On ti» 
whole, it is better to polish linoleum 
to wash it often, except in infectious ilm 


the vase when necessary u 
e the water This 1 
ctice to recommen? 


a rule these spray 


thar 


(b) Quietness of surroundings. Quwtm 
of surroundings is not always easily atta! 
able, but in a general way the ordu 
reasonable noises of the street and housch 

to which he is accustomed, will not worry 


lo a surface that simply needs wiping with 
a damp cloth, The table should not be too 
l, 30 in. by 18 in., or 20 in. square are 
vod sizes for the top; height 28 in. 
A comfortable armchair and a footrest or 
hassock for the patient to use when allowed 
up or while the bed is being made, a small 
chair for stripping the bed, a washstand or 
shelf to hold toilet articles, and probably 
chest of drawers, are all necessary, and 
d this only enough furniture to make 


PAD FOR THE Door 


the patient. It is not desirable for ever 


the room look comfortable should be present. 
Flowers in the sickroom are A great 
and if the home nurse herself is 
_too busy to make the best of those available 
p ps someone else in the household could 
( @ the complete care of them. 
Wily scented blooms are not suitable, 
n the lovely freesias being best avoided, 
Y only vases that stand quite firmly should 
placed where they will not 

t and overturned. For the 
» Something small and low of 
is obviously best, All 

) removed from the room 
: re ht back With fresh water 
“aoe Spring blossom will 
Dm re left undie ne Vell crushed and 


in their vases; 


to creep about on tiptoe and talk in w? is " 


as this can be maddeningly irritatin, 


avoid running up and down stairs unne. 
sarily, and especially see that 


left "on the jar.” 
sickroom itself js 
to make a folded 
pad of material 
with looped ends, 
which can be 
hung on the door 
knobs, This will 
Prevent the door 
clo sing čom- 
pletely, incident- 
ally helping the 
ventilation, and 
when the patient 
1$ resting the 


> 
PAD For THE D 


no door 
A useful device for t 
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Nurse can A 


G IN PRA ! 
CIRCE 
It is also FORD 


k in withont dist 


Convenient for th 
and so on. 


hinges sque; 
he blind cord E Md can be 
ni and window prevented 
pad of pape S should be 
ie A does very well 
edges are not at 
hand. For making 
"Up à coal fire, a 
coal glove is useful, 
simply made from 
any thick black 
material, possibly 
lined, fitted with a 
good loop by which 
it is hung up and 
drawn on or off the 
hand, 
In serious illness, 
special measures will 
- suggest themselves, Mattress that he will fin 
but in all cases the friendly. : 
! cultivate deft, quiet movements Firm, well filled feather 
the alert to prevent the small most comfortable, They s 
sands which can be so disturbing in number to support the. 
n who is obliged to lie and hear ee d and, EE 
small one about 12 in. 
_ hollow of the back, is 
hed and bedmaking.—The bed is EUN pr 
ı most important factor of the armchair or for travelling 
comfort, and is preferably of single can be adjusted to suit 
| good hair or flock mattress (or A circular rubber air ri 
ws Dunlopillo!), not too low if . 
sing attention is needed. Hospital 
e 30 in. high, but many domestic 
re rather lower than this. Wooden 
can be used to raise a very low bed 
hus prevent undue fatigue and back- 
ior the nurse, but they must be strongly 
c and really firm, having a slight hollow 


the castor securely. 
able and are not 


urbing him, 
pse entering 


! 
Or 


WoopzN BED 


take 
Feather beds are unsuitable E 
common nowadays but, if the patien 


and devoted to a large double 
it is better to let him keep to 
is well enough to sit out 
ade, rather than to 
to a more hygienic 


very 
elderly 
feather bed, 
a long as he 
while i is properly m 


set on moving him on 


ns 


is invaluable in a long 
or for a very thin ea EOS 
ness of the skin, 

Lien raed as a disgrace by à good 
mure! An air ring costs about 95., pu on 
can often be hired through a chemist i 
needed for a short time only. It should be 
‘enclosed in a cotton cover when in use or 
it will become unpleasantly hot, but the 

cover must fit exactly, without wrinkles. 
A mackintosh and drawsheet are necessary 
in all cases where bedpans are used and 
should be about 1 yd. wide, reaching up 
to the lower edge of the pillow. The draw- 
sheet must completely cover the mackintosh 
and is most useful if it is at least 2 yds. long; 
then each time the bed is made a fresh 
jon can be brought into use, the rest 
tucked in. An old double bed sheet, 
folded in half lengthwise, is excellent for 


the purpose, 


rather tightly, 


Tuk DRAWSHEET 


For BEDMAKIN 


G it is good a 
two p Mina g to have 


if possible the patient 
Should get out while it is done, Very often 


the doctor will permit him just to sit out 


ra : x 
= E machair Which has been drawn up 


; even if he is L i 
A S not otherwise 
allowed up of course the room must be 


and free from dra 
patient well covered v rau, 
chderd wit 


cally, 
flapping the clo 


th 


Bedmaking should be done 


morning and carried ou 
care being taken not t 
thes about. 
to a chair, and do not 


o raise dust 


layer singly on 
the things touch the 
each time, alternately from top t 
and from side to side to equalise 
and see that the tapes of the mattress cv’ 
do not catch and tear in the springs 
bottom blanket and sheet should be 
in taut, the upper clothes loosely sot 
patient can turn comfortably without | 
them out at the sides. Arrange ä 
tuck-in at the foot and a good dept 


to turn over the blanket and counterpan 


at the top. It is convenient to leave ot! 
counterpane at night, as it will keep fr 


for use longer if it is then folded care 
} 


in its creases and hung over the cha 


back. 


Bedmaking, when the patient is too ill t 


get out of bed, is not a difficult matter 
two nurses are available. 


night ani 


Let 
i ‘thodi 
quietly and met?! 
tq y a 
Strip oft each 
let 
floor. Turn the mattress 
; bottom 


the wear 


ullin 


The 
tucked 


hat the 


h of sheet 


fully 


They should be 


gentle but definite in their movements, and 


the process should not be hurried. 


one on each side of the bed and strip it 
quietly on to a chair; leave the patient 
covered with a blanket, and draw out the 
Sheet from beneath the lowest one so that 


he is never uncovered even for a nx 


ment 


Remove all pillows but one; untuck bot! 


ends of the drawsheet, and then roll tl 
patient gently to the edge of the bed 
the side where the sheet is shortest 

nurse should hold him lightly in p 
while the other untucks the 
sheet, under sheet and under blanket 


thoroughly but Poe Huc 
crumbs and bits, EE hres ‘out 


in 


> last 


slight ridge to 
the second 
Side. There 


the other ede, 
nurse similar] 
must be abso] 


© under bedclothes w T creme 


hen this part 


positior 


mackintos] 


ed over the 
8e of the bed ang 
Y deals with her 


any 


She then pulls these t mit 


Used 


Stand 


and 
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nished, otherwise 
tual bedsores will be caused 
lhe pillows are sh 
ext, and if the 
"ward while 
pports him 1 


not only discomfort but 


patient cannot easily sit 
it is being done each nurse 
y hooking her hand into one 
it and holding the shoulder. He nowleans 
“inst the pillows, the air ring, if used, is 
l, and the top bedclothes are replaced 
€ and tucked in neatly but loosely. 
t à clean bottom sheet or draw- 
ll the old one close up to the patient 
on the edge of the bed, tuck the 
nto position on the clean side and 
ther half also close to the patient. 
rolled gently over the double ridge 
er edge, the old sheet is removed 
new one tucked in completely. 
case where the undersheet is likely 
wiled a long bed mackintosh is 
» protect the mattress and this 
we the under blanket. It must be 
| quality or it is useless, and as stout 
heeting is costly (though it wears 
| Lasts for years) it will be cheaper to 
(short illness. A washable mattress 
ild, of course, always be used. 


ine for the day.—This must vary 

n every household, and the home 

t think out a scheme which will 

« sickroom duties with as little dis- 
c to the rest of the family as possible, 
" e time considering special prefer- 
the patient. Some, for a 
of tea and a newspaper early, b 
to follow much later after " e 
wash and bedmaking, while others 
sturbed until 8.30 Or 


rather be undi 
k and then have breakfast and 


after that. dp 
at thing is to evolve à work 
great. thing 


| stick to it. In this way ps 

“cies atient knows 
‘looked, the patient knows We 
(s k persons dislike “having thing: 
< them”) and the day 


a for him. s ; NEC. 
z foli wing list will apply in many 


t variations in times. 


GTN PRACTICE fom 


aken up and arranged 


passes more 


SENIO: 


AM, "a 
7-30 If awake, First ofall ; 
ature and pulse if this 
disturbing the pal 
possible, 
pb up pillows and s 
ut on dressi 
Wrap over ien 
Ifa saline aperient 
give it at this time. 
Give cup of f 


Light fire if | 
8.30 Wash or bath pa 
9.15 Breakfast. 


PATIENT EATING D 


9.45 Attend to sickroom. 
arrange i 
sary articles are Y 
such as bell; ck 
reading matter; £ 
ash tray and s 
clock correctly — 


i I-moi ing drink, usually hot in 
- winter, cold in summer, in accordance 

with the diet allowed. Time this to 
come just halfway between breakfast 
and dinner, and give a small cup only 
- df there is any likelihood of spoiling 
the appetite for dinner. 

‘This makes a welcome break in the 
morning and should be varied from 
day to day so that the invalid never 
knows what is coming. 


Settle the patient comfortably to rest 
for at least an hour. Darken the 
- poom and remove a child's toys and 
‘books. This provides an opportunity 
- — for the nurse herself to rest at the 

. same time. 


Ry PATIENT RESTING 


zi 
(or when the patient wakes). Draw 


: En in sponge the hands and 
ES n ed, tidy the hair and 
M E bed. This is the best time 
Cod oa E if allowed, but only those 
hind E relied on to give pleasur- 
abk Be ation to the invalid 
tho (Phe admitted; no one should 
dis tae ‘tke tire him. Great 
and the d, 


A VISITOR 
will understand, Dr. X. is very pet 
ticular that Mr. Y should be kept 


quiet for some time yet, bu 
most kind of you to call." 


it 


P.M. 
4.15 Tea. 
6 or 6.30 Evening toilet and bedmaki 


Take the evening temperatur: 
if this is required. 


Nurse H 
E 
LPING PATIENT ON wirH D 
n ^ R 


Gown 


7.30 Supper. 


E i 
9 VUE patient for the night. R 
wers if this has not Aag ie 
earlier, see that ey 
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TE 
need is 


* at hand and give 
ing drink if it will help £o 


A convalescent may like to con 
- re ading quietly for another 
hour, but it should be understood 
he will not be visited again 
morning 
reason arises, 


tinue 


that 


before unless a definite 


ARTICLES FOR THE NIGHT 


ng a long illness, see to it that changes 

p into the routine, Although a smoothly 
| day is always desirable, yet most 
will find it becomes desperately 

nous to do the same thing at the 
tume every day for weeks on end, and 
sonal break of some kind should be 


Care at night.—A point of first import- 
to arrange that the nurse is within 
Il. for both she and the patient will 
r if they know that an efficient 
ns of communication exists. Un- 
edly an electric bell to the nurses 
. 1 and someone in the family, or 
trend, may be able to fit one Up tempor- 
Otherwise a small handbell will serve 
doors of both bedrooms are left ana 
If the patient is a young child, of oe 
„st sleep in the same room, i 
done unless it is really 


bert te 


s best 


i the 


rec mt 
ki not be 
nev rely s f 
The question of lighting 15 als mec. 
electric. reading lamp is idea’, 
candle and matches can 
nt is old enough anc 
e safely trusted. with 


Ac 

that 
i the patie 
to be quit 


i 
ACHING IN PRACTICE FOR SE 


* 


nightlight will somet 
and nowadays handy e 
me The local den 
ree 
sisi ps. A 
$ y case, 
for the patient to get a | 
without effort whenever 
. 1f he does not sleep 
likely to require the nurs 
a small tin of biscuits 
with either a cold dri 
or a hot one in a t 
case it is wise to provi 
or barley water. 
See that the room i 
the patient warm in b 
in the daytime an extra 
will be called for, bedsoc! 
the ankle or they will be kic 
water bottles should be 
thing before retiring. | 
where an even tempi 
it will be necessary 
night for a time, bu 
this where necessary. 
If the patient has a 
falls asleep towards 
undisturbed until he 
early cup of tea can be 0 
serve breakfast late. It | 
arrange this meal not í 
as most people are awake. 
it is not good to di 
meals or medicines. 
When a patient is 
good deal of attention duri 
same person should not a 
and night nursing if it 18 3 
get suitable help. She will 
overtired, and it 1s 
expect her to manage 


doctor 


and 70° F, Do ur 


E er on the wall and read it 


* is 
Bsp tie room warm, à m A Sick 
the best m i x ‘ cre it 
: apest, 
oom, as m" E A however, no 
ee properly fitted gas fire of 
, and its labour n 
d it to many, 
I b m really suitable for 
: d use as they dry the ae 
course in many districts the cost o 
curren rohibitive. 
: oth 5 n should not be heavy, 
quality blankets procurable being 
this reason, with an eiderdown if 
e is not infectious. Children, old 
and those who specially feel the cold 
benefit by the use of “woollen sheets, 
hich are of the texture of thick flannelette. 
They wash well and cost about 7s. 6d. a pair, 
single bed size. Cellular blankets (from 21s. 
each) and sheets (from 21s. 62. a pair) can 
be recommended for use all the year round, 
as well as cellular nightwear, and when 
here is a permanent invalid to be cared for 
he outlay is worth while if it can be managed. 
m bedwear can be made of wincey, 
; chilprafe, nunsveiling, and similar 
ateri E spi suits are better for 
children than nightgowns until they are old 
mongh to be relied gto my properly * 
are useful and wear best i 
with a shaped heel. 
Hie utmost care must be exercised in 
« HOT WATER BOTTLES, for it is 
credibly easy to cause a severe burn to a 
won in a lowered state of health 


Make 
good condition, 


Hor Water BOTTLE 


cracked; the now popular aluminium one 
are to be preferred. 

Keeping the sickroom and the patient 
cool in hot weather is sometimes more 
difficult than keeping them warm in winter 
Do not use a room facing due south if any 
other is available, and if possible have a 
sunblind attached. Lower this just befor: 
the sun gets round to the window and raise 
it immediately it has passed over. Windows 
and door can be widely opened, but see ther 
are no loose papers, etc., to be blown about 
If the house is wired for electricity 
worth while hiring a fan in 
weather, and if you can also ge 
ice to place near it you will fir 
temperature will be subst 

For bedclothes, a shee 
spread only will be s 
very light blanket to 
last thing at night. 

Cellular bedwe 
of all, or thin sil 


t i 
very sultry 
t a block of 
ad the room 
antially lowered 

t and a thin bed 
ufficient by day, with ; 
replace the counter p 


ane 


p à cellular 
est ; Tayon materials are not cool to we T: 
Consider the position of the bed and mak: 
te it is placed to the best ady antage, but 
y i better not to leave it too near the 
indow at night as English summers ar t 
altogether to be jon 
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3. Ventilation. Pro 
il of good nursing 


Away 
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per ventilation is an 
and often presents 
in small rooms, A continuous 
tr without draught is to be aimed 

hould be no difference notice- 
eshness between the outer air and 


room: there will of course be a 
warmth 


ml fire is extremely useful in 
end; the window should 

*n about 2 in. at the top except 
tient is being washed or treated, 
has a pad in use, as described 
tlso will help. In favourable 
window will be more widely 
hen it is very cold the expedient 
rd about 6 in. deep under the 
will allow a current of air to 
the sashes without causing 
ometimes desirable to air 
thoroughly once or twice a 


w OPEN AT THE Tor 
FrrrkpD TO THE BoTTOM 
the patient warmiy 
nt a light shawl or sca 
yr ind then throwing 
i a few minutes. 
e room is warm 
air from outside 


venng 


| his head 
w wide open for 
covered until th 
sys see that fresh 
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enters the room, not stale a 
landing or another room, 


nurse must unite to produce att 
having the utmost variety 
the prescribed limits, The capi 
of the invalid must be tempted 
will take as much nourishment as 
system can absorb without st 
end food must be served a 
helpings which are not so | 
discouraging (better that he shoul 
more than leave a portion unto 
it should be as interesting and 
ingenuity can make it. Never 
he would like to eat—he 
suggestions with loathing—b 
be a series of pleasant surprises, 
probably enjoy them. 

Food must also be served ^ 
so that it can be eaten with a n 
effort. A good sick room tray 
by the home carpenter. by ati 
a wooden tray so that it fits o 
when the patient is sitting up an 
on the bed. Do not use too sn 
will be inconveniently crowded 
by 16 in. is a good minimum. 


in. high. It is less ti 
i i wb than with a spoon, 
should be low ones not d y 

The prettiest cine z 
vidual” sizes will a n bue. 
look tempting, and ) d 


TRAY SET FOR A MEAL 


traycloths must, of course, all be spotless. 
If laundry is a difficulty, use paper cloths; 
they are very good nowadays and quite 
inexpensive. If the patient may not sit up, 
it will be necessary to serve fluids in a feeding 
cup. Those with a long lip instead of a 
closed spout are easiest to keep clean and 
are less clumsy in appearance than the 
old-fashioned type, and if you have to feed 
the patient you can see when the fluid 
reaches his lips; some people, however, still 


FkkDING Cups 


pe E spouted pattern 

" Md taken to clean them through 
, E à helpless patient, u en 
^en » use all your 


id sympathy, i 
t for him at the E E 


, and special care 


NURSING 


Remember that the 
enfeebled in sickness, pa! 
illnesses, so that meals must be 
their digestibility, perfect! 


digestive 


ticularly in ! 


y cooked 


heavy seasoning, and not given 1 


a quantity at a time. Fried and 


are not recommended until con* 
is well established, and milk may m 


diluted at first. 
The diet should be selected 
natural foods as far as possibli 


say, tinned or dried preserved art 


not form any large part of it, t! 
for providing variety especially 


toes are an exception to this rule 


1 


tr 


not live near a good shopping centr« 


do not lose their vitamins in t! 


process, and strained tomato juice 
and is liked by many people. 
butter, cream, eggs, fruit, salad 


Some E 
ME ESSENTIAL Foops 
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FRUIT 


wal bread (if the patient is 
tomed to this and the doctor 

hould be staple foods, and then 

t need to worry about those 

but essential vitamins for they 
esent naturally, Empire butter is 

| best for the sick because, having 
ed in a sunshine country, it has 

n D, and cream made with the 

y popular cream machines is quite 
most sick persons, Empire 

used for this also. There is 

that imported meat is in any 
ferior to home-killed, or any less 
for the sick. Where the diet must 
ted that the vitamin content 
doctor will prescribe a 
to make up for 
xcept on medical 


tr 
the 

etary preparation 
must not be taken € 


i not generally realised that clear 
meat extracts and plain jelly do not 
yreciable amount of nourish- 
] meat extracts are . 
tite and provide 
but it is better 


itamin B, 


n any api 

Thin soups anc 
,toa poor appe 
e of flavour, 
as it contains V. 


il g 
icome changi 
Marmite 


and also it is a v, l 
me be given in d 
E owed. Jellies should be m: 
T egg, or set with fruit 4 
cream, or else used simp} p^ 
See that hot food s 
reaches the patient s 
leaves the kitchen, and 
cold as you can make ah 
not always allow the latter 
if he does and you have not ; 
yourself, perhaps a friend w j 
let you have a batch of ice à 
day. A large block of ice from 
will last two days if it i 
newspaper having a small 
neath. The hole in the pap 


and the wrapped block should 
ably in a large fish-kettle so 
stand in the water as it mel 
bottles of milk, etc., can bes 
and will be pleasantly co 

Diets in sickness are Com 
under the following heading 

(a) Special diet. 

(b) Fluid diet. 

(c) Milk diet. 

(d) Light diet. — 

(e) Convalescent diet. 
Tt is suggested that the doct 
shown the appropriate list gi 
asked if all the substances t ne! 
may be iven. Sometimes ri 
will forbid all meat and 


HOME NURSING 


es, or he will specify 
be taken in the 


ofa forbidden article can be gravely upsetting 
to a sick person and there 
reasons behind the orders given. d 

Special diel.—Any special diet will be 
id pq detail by the doctor. Almost the 
entire treatment. of some diseases, notably 
diabetes, consists of rigid dieting on highly 
specialised lines adapted to each individual. 
Make quite sure that you fully understand 
the instructions, and write them „down 
immediately so that there may be no mistake, 
and when exact quantities are ordered do 


WxytiGniNG. Foop 


not depend on guesswork but weigh and 
measure carefully, If the patient cannot 
Take the whole quantity, it must be reported. 

^ large majority of patients nursed at 
home, however, Will be suited by one of the 
following general diets, with modifications 
as instanced above, 


9f à tumbler holds s op ainary breakfast cup 


an adult on this diet 2 to ^ teacup 6 oz. For 


Fruip Diet 


ingenuity must be exercised to make 
attractive to the patient or he 
willingly take so much milk. Jelly and 
are counted as fluids and make a 
change, and ice cream of good quality 
allowed; if a little sherry is permit 
is liked, it makes an interesting 
Always remember to remove the vel 
strip from a raw egg before using it 


Nurse REMOVING GELATINOUS Sri 
Raw Ecc 

The followin 
but gives a good r: 
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Drinks fi 

. M&S for -assuaging thirst — 

Fn shly made TEA: is 

HOME MADE ' 

RANGEADE 
water 


not too stron 
us LEMONADE OR 
de pus: with cold water 
em destroy part of the 
EMON SYRUP di 

- diluted wi 
v water or soda water: nh AR 


af sugar: 


' LI 

! rind of 2 lemons: 

irtaric acid: 
boil 
Doing water, 

sugar, tartaric acid and lemon 
er i 

until the sugar is dissolved 


Hor DRINK 


wl: add lemon juice when luke- 

old. Strain and bottle. Use about 

poonfuls to a tumbler. This syrup 
well and is a useful stock solution. 


APPLE DRINK: 


z lump sugar; 

p pant water; 
; cloves if liked. 

Wash and wipe the app. 

ahole, thinly. Bring to the 

water, sugar and cloves. Strain an 
THIN BARLEY WATER: 

x. pearl barley; 


les and slice them 
boil with the 
dserve cold. 


g of sugar, 


TEAC 
EACHING IN PRACTICE 


juice and rind of 
1 pint boiling water 


For nourishi 9 
without FA E 
SOUPS AND BROTHS. 
MARMITE OR n 
piping hot or made wit] 
EGG BROTH: Beat r 
pour into a pint of boi 


well to prevent curdling. 
and serve hot. S 
ALBUMEN WATE 
whites of 2 eggs and stir 
water. This can often 
nothing else can; it is n 
interesting in flavour. 
LEMONADE M 
thoroughly and strain ir 
WHISKED WHITE 
white of an egg to 4 ffi 
of lemon, and castor 
EGG JELLY: 
2 eggs; D 
6 oz, lump Sugar; 


HOME NURSING 


Heat the milk with the lemon rind ; 


: inutes, to extract 
7 of powdered gelatine; and allow to stand for doge powdered 
t sherry; ` the lemon flavour. — 407 ntil dissolved 
julce and rind of 2 lemons; gelatine and sugar and "y t isio 
stir occasio! 


e water. i S Strain into a basin anc esr 
. Squeeze ~ 3 m "is I 
Week the oe Co ga up to until the ue En ote 
P optet nier and sherry. Put into into a wet eu and 2 
ten with the lemon rind and sugar, out cg . 
and heat slightly to dissolve the sugar. Add CO 2 N m 
the gelatine and stir until quite dissolved, MILK Weim. ossia: Mir 
but do not boil. Beat the eggs and add to in 1 E une tess eed ub 
f the saucepan, stirring until with boiling water, then ai peram d 
ie Ban. but da not boil. Cool boiling milk. Stand for 3 to 5 min it 
train into a wet mould. Turn pour out. 
e Me n ej CHOCOLATE. CAR 
STRAINED TOMATO JUICE: This can PROPRIETARY Sl BSTANCI S Meer 
be bought bottled. Otherwise buy a tin of Horlick’s Malted Milk, Bourn-\ ita, ( valti 
tomatoes, and strain; season lightly; serve — Fry's Malted Milk Cocoa, etc., all made 5 
milk or milk and water, according to ! 


upful 


EGG FLIP: directions given on the tins. Serve hot í 

1egg; cold. 

EE apoontu castor sugar; BENGER'S FOOD: A well-tried favourite 

Juice of 4 lemon or x tablespoonful sherry Follow the instructions for making exacti 
or brandy, and sometimes flavour with cinnanw 


Beat the yolk and sugar together until lemon or orange peel boiled with the mill 
creamy and add the lemon juice or wine. or stir in a little sherry just before serving. 
en the white of egg to a stiff froth and SLIPPERY ELM FOOD: This deserve 


A i lightly, Serve immediately, to be more widely known than 
AL TEA: Especially soothing for use at bedtime, 1 
oss apie oatmeal; chemist can easily get it if he has noni 
lemon ; stock. ions cing 
: B Bir mir; s Instructions for making ar 
1 qt. boiling water. 


RICE OR SAGO MILK: 


1 i " i 
2 0Z, rice or sago to 1 pint milk or milk 
water; 


the oatmeal, lemon rind and su 
ar 
ms Dro: pour on the boiling vue 
Sa 3 gd e the hob lor 1 hour lemon or orange peel, or other flavour 
^ud » ce e lemon juice and Boil together until well cited, nae 
a $ p very hot. The consistency 
nourishing or stimulating drink adjusted to taste by varying the proport 
LA wi g drinks made ying the proport 
ae eg OR BOVRIL MADE W] 


Wi 


then «t 
then str 


JUNKET: Flavour with coffee, choci 


olate, A n 
n». almond, or nutmeg. May be serve RROWROOT: Mix x tablespoon 


1 arrowroot to a paste wi : = 
MILK JELLY. hdd ai paste with a little cold ņ 
. LY: eii little castor Sugar. Pour on 1 

milk ; ong milk, stir : 
er an 


uit 
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with salt 


luke 


Serve either ice 
warm it is nauseating, 
IREACLE POSSET: W; 

arge 


! 


s j ck treacle 
for 5 minutes, Strain and serye 


K PUNCH: 


rements:—} pint cold milk; 

poonfuls sugar; 

espoonfuls sherry or brandy. 
ether until the sugar is dissolved, 

NOG, COLD: Whip the white of an 
Stir in 1 tablespoonful sugar, the 
© egg, a little milk, and sherry or 
"4vour. Stir gently; do not beat. 

‘OG, HOT; Beat the yolk of r egg 
ertspoonful of sugar, then add 1 
| milk. Put in 1 dessertspoonful 
ind serve hot. 


dict.— This diet is usually ordered 
ind non-irritating food is required, 

! may to some extent be solid in 
lt is ordinarily understood to 

| the fluids listed above except 
with fruit juice or meat essence, 
ind broths, with the addition of 
i porridge, thin bread and 
ute bread unless otherwise defin- 
tioned), toast, rusks, plain biscuits, 
nd madeira cake, honey, jam 
kins or seeds. The eggs may be 
voked by any method, never hard- 


AT 


Mix DIET 


Warm } pint milk, 


Si 


Ur. 
( 


Chocolate, 
In some cases the poj 
and strained fruit and toma! 
be allowed, The quantity o 
on this diet should take is 
day, with 2 eggs, unless 
otherwise, The solid foods. 
at 4-hourly intervals, with 


(4) Light diet—This diet is h 
everything allowed for 
with the addition of w 
chicken, tripe, sweetbj 
calves’ brains, salads, gre id r 
ables, stewed and fresh fruit, 


Foops FOR A LIGHT 


By white fish is He it 
flesh is not rich in oil. Wh 
plaice, hake, cod, brill, s 
fresh haddock are all suital 
in season. Do not on 
mackerel, sprats, p! lS. 
well on in convalescence. FE. 

Needless to say, the fish m 
fresh, and it may be coo 
except frying or grilling. we 
best for those on E t, 
creams, soufflés and ee 
good, and sauces mus 

(e) Convalescent diel. ; 
imply means 
vis diet as the i 
Rabbit and gode x 
early, also fried fis! d 


puddings Homely odds and ends such 
slice a bread and dripping or à piece o 
= fried bread are sometimes welcomed at 
E and an interesting variety of 
sandwiches will “help the bread and butter 
vd time, 
oy of milk, say à pint a day, 
should still be included unobtrusively, but 
‘on the whole the food of the rest of the house- 
hold will soon be suitable for the patient, 
served in individual moulds and dishes with 
dainty garnishings, though such things as 
. veal, and twice-cooked meat in any 
form should not be given at all, and pastry 
only occasionally, and then it must be 
really light. 
Barley sugar is often ordered to be given 
freely with all diets. 


5. Cleanliness. —Cleanliness is a proverbial 
feature of hospitals, and the home nurse 
should be no less careful to keep her patient 
and everything he uses fresh and spotless. It 
is necessary for his comfort and it also 

ts the spread of infection, but there 

no need for aggressive scouring and 

bathing; just be quietly thorough and 
methodical about cleanliness. 

It is desirable that the patient should 
have either a bath or a blanket bath daily 
in order to remove waste products from the 
akin and keep it acting well, and usually 
before supper in the evening will be the 
most convenient time for this. The bath 
ar me que patient comfortable 
Geld thee he nurse has probably 

to spare then than in the mornin 
but if there is difficulty about the hot wate 
supply, you must fit it i paris 
in when you can, or 


may in any cas ; 
ba it as a foh be id prefer the morning. 


tin each e e at about the same 
HING IN : i 
Arti THE BATHROOM, if the 


well enough for this, is naturally 


pr See that 
he starts; do not have the wat a before 


faint, and unles, it is absolutely à Bel 


49. 


€ 


| 


he will not require any help do not have tl ‘ 
door locked or bolted. A capable person mu 
be within earshot and ready to help, à 
is easy to slip in the bath and even a day e 
two in bed makes one feel unexpected! 
shaky. It is by no means safe for anyon 
who has been confined to bed for some wee? 
to attempt to manage alone the first tiri 

is allowed out to the bathroom; 

should be in with him. See that h 
straight into bed afterwards, even 
weather, and of course you will have 

the opportunity of making the bed while 
was empty. 

A BLANKET BATH means washing t 
whole person in bed, which is protected fron 
getting wet by using two old blankets kept 
for the purpose and a mackintosh if you have 
one. One blanket is placed under the patient 
with the mackintosh beneath, and one cow 
him. If the under blanket is thic k, with í 
you can manage without the mackint 
or you might add a large bathsheet. ] 
patient may be well enough to wash | 


BaTHROOM READY FOR PATIENT 


A BLanxer BATH 


mnmseil 


= i dust with 
powder made 


ox? 
This treatmen 


ept for 


I» 


iot bath in the bathroo 


ke 


wes 
| briskly with 
«xl eau de colog 


le 
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the inaccessible i 

Ss portion of hi 
lich the nurse will do, and iid 
m (as when there 


wl 


t enough 
ethod to use 
nd out of bed 


Case 


because it is too chilling 
for so complete a wash. 
se, the nurse must first close the 
‘nd deor and arrange a screen if 
Then provide a large bowl of 
water conveniently placed on a 
table at the bedside: also soap, 
and dry bath towel. Strip off 
lclothes, put in the two warmed 
ets and mackintosh and help the 
with his garments, Remain at hand 
juired and to change the water 
oon as the bath is finished re- 
‘amp blankets and make the bed. 
© patient is too ill to wash himself 
nust give him the blanket bath, 
| real test of nursing skill. He 
it and feel comfortable and 
terwards, but if it is clumsily done 
tead feel disturbed and irritated. 
deseribed above, making sure 
water is really hot and the towel 
in cold weather put the bed gar- 
«hen. removed, to warm by the fire 
cre. The patient lies flat, with one 
if he is in a very weak condition 
id be an assistant within call. 
h the face and work downwards, 
ed deftly washing one area at a 
k and ears, chest, arms one at a 
tomen and each leg singly, and keep 
ent well covered with the blanket, 
necessary part being exposed. Take 
+» dry him thoroughly with firm 
. Next he should roll over on to his 
the assistant. helping if required while 
the assi hed. Before he rolls back 
ack is was xu inte shoulders, 
rub the “ pressure F h Js, lightly 
scrum, buttocks and heels, 36 
" a little surgical spirit or 
ne in the palm of the hand, 


talcum powder or a qe 
of equal quantities of zin 
and starch. 


t is to prevent soreness of 


boracic 
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hot water available) this is the 


the skin which woul 
should be done at p 
and more often in serious illn 
for the patient's comfort. 
he is not very ill, as the 
becomes Surprisingly ro 
a day or two in bed, and o 
broken it takes a very E. 
It is important to rub well 
late the local circulation, 
it is cheaper to use a 
and surgical spirit in eq 
very good; cheap eau de 
contain enough spirit to be 
After this, remove the da 
mackintosh, put on the v 
and make the bed, 
Bath salts, lavender 
pleasant to use in the 
it is “hard,” but take 
to excess, and to vary the 
preparations are a li 
sensitive skin and, excelli 
many people who are 
of eau de cologne. 
Apart from the daily 
an invalid will need 
in the morning or at nigh! 
be, and will probably 
hands and face either 
waking from the afterno 
attention must be given to 
The CARE OF THE M 
important. Most often th 
able to brush his Es te 
toothpaste or powder, | 
cab ud tongue with the 
may like to use à m 
Milton, Listerine Re 
ood, and sometimes tie C9 
: special gargle. Patients. 
milk diet e extra cai 
arotid gland will be 
dee. as in mumps, 
cleanse the mouth at | 
day, more often if the toig 
When the patient is : 
own. teeth, the nurse 
to this for him. G 


lead 


e 
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good thing t 


; i uired, it is quite a & $c 
: ticks rather like thin req ckintosh. In fever! 
D p BE cotton wool. Cut this pr ic p sm the patient | 
eg ipu and split them into fairly P end from time to time, either. 
thin geh roll a square firmly iE deor the disease or as a result of 
t x i Mae EC OIN (COLTS + be prepare 
; ach stick, making a sor ie u must be prepare 
2s € - E. a end, Remove any of medicine, and ad bath towel 
well cov ; eparately, then this by keeping tien it GECUTS 
false teeth and clean them sep bed garment handy. W hen it 
dip a prepared stick into mouthwash aes WR dow, remove the wet garme! t 
lly swab all round the teeth and gums; iS aow, 


take | " zitt T owel q 
a clean s i simil: of the atient dry with the warm ` à r 
an stick and similarly do the ro P hl nd p it on the dry garn 


A3 also offer him a hot drink. As thi 
E —— —— — happen two or three times in ratl er 
succession, it is permissible to Gry 
| discarded garment and use it again 
li there is a good supply of clothes and y 
| get them laundered quickly you will nat 
|l prefer not to do this. i 
| | The CLEANING OF SICKROOM UTEN 
Em 


] 


SILS is effected by the honest apj 
of soap and water and ordinary h 
RUM cleaning powders, not by the 
Rut CEN ES E pnis. When all visible di 
Danni maA removed, you may like to rinse 
Monte Sticke disinfectant; it is not strictly nece 
the absence of known infection. Nev: 
into the common error of thinkir 
strong smell of carbolic or Lysol is a 
efficiency in the sickroom. Wher 
desirable to use a disinfectant, chi 
that is non-poisonous and apply it 
exact strength recommended by the 
or by the doctor. A stronger solut 
EN uev wasteful and a weaker will not be 
so you will need a graduated mea 
M mouth, cheeks and tongue, after should be kept for the purpose. A gla 
in abad E rinse his own mouth 


wash if he can. If he cannot 
repeat the swabbing. Glycerine and borax 
* à furred tongue well, and glycerine 


ef 


maths dry. is refreshing where the 
RSONAL ANI i > 
to be changed fe ent LINEN needs 


quently, according to the 


tances of the case, i 
napkin at meals will save mU ia able 


the top sh 
some d E à drawsheet will See ae 
» ven where this is not strictly 


THE CLEANING oF Sic 
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measuring up to 
4 fluid oz, is the 
most useful and 
costs about 9d, 
from the chemist ; 
the water can be 
measured with a 
kitchen jug or 
enamel measure. 
Recent research 
has produced dis- 
infectants which 
are a great im- 
provement on the 
older ones. Dettol 
can be thoroughly 
recommended for 
general use, being 
non-poisonous and 
non-staining and 
firmly established 
in hospital prac- 
tice; and Zant is 
a similar product. 
If you have a 
owever, ask the doctor if it is 
ind, if so, continue to use it. 


A. Medical treatment. — Medical treatment 
; the disease will be ordered 
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anything you do not 
Possible to cause a go 
Well as unnecessary p; 
In all but slight illne 
NOTEBOOK is to be rec 
purposes of writing d 
instructions so that no m 
when the nurse is out or1 
the doctor with an ac 
patient's progress. This 
detailed according to the. 
but items should : 
promptly as possible, 
have time to creep in. 
in the patient's room o 
for all to read, but 
it out of the children’ 
doctor can get it for h 
happen to visit at an 
It is a good plan 
for the doctor's instru 
for the nurse's repo 
illness it may be nec 
pages for the day and n 
exercise book, to which 
tied, answers the purp 
language and avoid 
you are quite sure they 
by all the persons con 
which any doctor will 


loctor where necessary. In some T OE TEQUE 
tle is needed; rest and general TOUS 
ye about recovery better than Clo for 
h interference, and you must not feel Ac D 
ing is being done for the patient just P for pulse 
no medicine or special treatment 15 BO. for 
Masterly inactivity is quite often PON 
«xt line for the doctor to take, as long Tds. 
keeps the patient under obser Rep E 
rreatments requiring special skill an Bod 
eire must be carried out by a visiting P Meu ie od 
: " 1 ho and you will do well to watch RE ed 
trained n » * H i 
. clowly and learn all you can ae e pu 


She will give you a RS Sd 
tog making the patient comforta Es ie 
stadiy teach you all she can in As 
2 Will be able to co 
qu st. yourself after one or two 
` her, but do not attempt 


complains of, such as i 
in any part of the body. 


at about the same 
fresh pages then; 
about 7 a.m. 


fec thods 


Someun : 
the treatmer 


with 
ystrations from he 


demot 


hourly medicine. 


medicine, after meals, t.d.s. 


E. 


4G THE TEMPERATURE is a 
"matter which needs to be carefully 
inaccurate record may be 
ding. Most people like half- 
ometers, though slower ones 
broken, cheaper, and just as 
erly used, but in any case 
iruments should be bought. 

when the thermometer is in 
. keep it in a small pot of weak 


pm Enjoyed fish, took dinner well 
I p.m. 


1.50 to 3.10 Slept. 

2E C/o slight headache. 

6.0 T 994; P 96. bn 

7.30 Only small supper taken. 
usual. 

8.20 Headache worse, 2 tablets 

9.30 Asleep. 


given 


I.I5 a.m. Awake. Hot drink, hot water 
1 bottle refilled. Slept again till o yo 
7xs T 978; P 88. 

9.0 Good breakfast. 

9.55 BO. satisfactory. 


1 of 


disinfectant, such as Dettol, having a pad 
cotton wool at the bottom: empty fishpust 
pots are just the size for this purpose 

The temperature may be taken in the 
mouth, axilla, groin or rectum; it is « full 
half-degree higher in the rectum than in the 
mouth, and half a degree higher in the 
mouth than in the axilla or groin, therefore 
it must always be taken in the same place 
throughout one illness. Always see that 
the mercury is shaken down below the 95 
mark before placing the thermometer in 
position, and leave it in for well over the 
time marked on the stem; ie, a whole 
minute for a half-minute instrument. 

The MOUTH is generally found most con- 
venient in dealing with adults or responsible 
children. Place the bulb of the thermome 
under the tongue and 
kept firmly closed. 

The AXILLA should be 
patient is very ill or restl 
breathe through the nos 
the thermometer, th d vag aly 
Riese in ana ı then dry the axilla and place 

The GROIN may be i. ^g aka 
children i Used for restless 
er ome way, Dry the ther- 
the fold and cr Son, Place the bulb in 
er the abdomen 


ter 


see that the lips are 


used when thy 
ess, Or cannot 
asily. First 4 


Is best in deal; 
infants under about two T gn gs pen 
Be, and 


ke 


METER IN ARMPIT 


nsulered. the most accurate 
Lie the child on his left side, 
bulb with a little vaseline and 
ut 2 in. Hold it lightly in 
keep the buttocks gently 
Fahrenheit thermometers are 
ed and the normal tempera- 
kel at 984^, corresponding to 
but in practice anything 
to gg” F. is regarded as normal. 
¢ will not often ask the home 
a temperature chart, but 
reason to do so, get some 
ist and vou will readily see 
Make good clear dots and 
vith neat fine lines. 
e PULSE, approach the patient 
esting quietly; without disturb- 
place your first, second and 
at his wrist where you 


ghtly 


NURSE 


and no pressure must be 
or the pulse will be exti 
possible to feel at all, 
excitable or the pulse ; 
must be counted for 
minute, while his atten! 
number of beats per 
this varies in normal adu 
being slower in men than in y 
old age than adult 
much increased when the. 
raised and may be 120 to 


THE 


Only experience can 
that should be recognis 
but she should notice 
is regular or not, whether 
hard, and any points the 
her to look out for. Any 
change in the rate or 
reported to him at once. 
ture chart is kept, it 1s 
pulse also on the same she 
it is simply entered in 

rovided. 

The RESPIRATION 
without the patient's 
as if vou were st count 
s breathe natu 


the chest, and the mi 
recorded, 10 to 22 being. 
adults. 


jiration rate will not 

d in home nursing. 

often need to ps AA of breathing 

and the doctor will 

to look out for when it is 

flm Eu attention to this matter. 

You will, of course, report any change you 

notice in the character or rate of breathing, 
and watch it especially in young children. 

" Once the doctor has been called in, do 
not take the temperature, pulse, or respira- 
tion at all unless he asks you to do so, as 
in many cases it is quite unnecessary and he 
may prefer to take it himself on his visit. 

If he asks for the morning and evening 

temperature, take it first thing in the morn- 

when the patient wakes before you 
disturb him for anything else at all, and 
again at night about 6.30, before the evening 
toilet is started. Bear in mind that a bath 
or blanket bath affects the temperature and 
rate, so that these must be taken 

L and not afterwards, and also that a 
recent hot drink will send the mercury 
soaring if the thermometer is put into the 

mouth. Sometimes the doctor will want a 

four-hourly recording for a few days, and 

most people find either ro o'clock, 2 o'clock 
and 6 o'clock, or xr o'clock, 3 o'clock and 

7 o'clock to be convenient hours for this: 

it is usual not to disturb the patient when 

oim find out the doctor's wishes 
The ADMINISTRAT 

ui o 

understanding 

and attention to 
detail, Never 

medicines \ 
within the 


MEDI- 


take 

it himself, at 
until he is 
really conval- 
escent. The 
same person 


Mepiciny GrAss 
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should, as far as possible, be res} ons 


giving all medicines, and should : 
clear instructions when off duty 2 
dose which falls due in her absence 
guess a dose, or use domesti 
measuring as they vary much i 
and china measures to hold two í 
are cheap nowadays and should 
used. China ones are best 
stances and for giving unattra tive 
mixtures to children, otherwise most ]x 
prefer glass. 

60 minims ('drops")—1 teaspe nf 
fluid drachm. 

4 fluid drachms— 1 tablespoon! 


OZ. 
8 fluid drachms=2 tablespoon! i] 
OZ. 

20 fluid oz.—1 pint. 

To give a dose of medicine, first r 
label, then place a finger on the 
shake the bottle well. This i 
even though the mixture look 
homogeneous: some ingredients 
than others, and there would be 4 
of them in the first-used portio! | 
overdose as the bottle emptied. Then re 
the cork with the little finger of the 
hand, in which it should remain 
bottle so that the label faces upwa: 
pour out the exact quantity - 
Replace the cork immediately 
label again, and take the dose 
patient. 

` Medicines nowadays are mucl 


h k 


than they used to be, but if a dist 


4 


xt 


ture has to be t 


LLS 


T 


aken give a plain boiled 
D Sugar is nearly 
and little barle 

ever fail to please children, se 


afterwards, 
allowed, 


POWDER 
DERS can be poured on to the back 


tongue and followed by a little water 


^? in à spoonful of jam 
: or sugar. 
*tween. bread. o 


may be crushed and given as 
to those persons who find it difficult 
w them whole, but the taste may 
nasty! 
PS are occasionally ordered, and the 
either be supplied in a special 
ttle or else can be given from a 
ntun pen filler, Simply hold the 
f full with a steady hand, press the 


ACHETS should be 


PREPARING DROPS 


y gently, and let the required number 
form slowly and fall on to a lump 
or into a little cold water. 

served with a tea- 

| small glass of water. Dip the 


und 


CACHET BEING DIPPE: 


D IN WATER 


cachet in the spoon- 
to moisten it, then plac 
and follow with water { 

-. OILS are given in y 
oil is probably best 
medicine spoon, and 
unless the patient prel 

little cold water, Casto 


least nauseating take 
china measure, put 
or slightly greater. 
and stir vigorously. Tell t] 


bread, a slice of ora 
The same method can. 
except that it makes 
for them to drink q 
prefer to take itina 
Heat the measure 
the brandy or lemon 
the other half gently 
in the middle, and i 
“ swallow it whole.” 
after castor oil, use 
lenty of soap. : 
r The TIME OF / 
medicines must be in | 
instructions, because 
reason for the bo 
means immedia! ely be 
is specified, and “after 
a few minutes 
hours” usually p 
als TLS: Aa M 
Bee probably does 
hourly medicine i / 
omitted at night if t 


i i for instructions on this 
nts depend largely on correct 
atisfactory action. Some sea 
slow-acting and have to 5e 
Fo two hours before bedtime, 
ot until the patient has been finally 
fortable for the night. 
ENTS are still much misused both 
and in sickness, the tendency 
to take too strong laxatives, which 
the trouble and do nothing 
it. For practical purposes, aperients 
a three groups: 
- (a) Those with a purely mechanical action. 


© | Drugs acting in various ways, which 
ally should not be taken except in the 
special circumstances for which each is 


'echanical action.—Aperients which 

ically are paraffin (petroleum), 

ran, agar-agar (a seaweed), and combina- 

ti ons í these substances such as agarol and 

ptrolagar, All are excellent and can suitably 

x used in a large majority of cases. They 

wl to be taken regularly, not in occasional 

At the odia or times each day, 

ly ing quantities until no 

eded, They act either by lubricating 

: E d providing moist 
e n which gently stimulat 

t | eo » or both. À E 

_ the lack of accustomed exercise and the 

"disturbance in mild illnesses will 

naturally regular habits, and a 

ple remedy which the doctor will 

at to approve is the use of Kellogg's 

dis easily procured and not 

(BD can be served in various 

; ven quite regularly 

Eee supper. If the 
nad ay not i 

one of its emulsions wi ies 

And these are give i 

‘or thrice a d n before meals 

: rii Tepared bran 

| à good simpl, 

: all the laxatives in this om 

7 thy persons who 
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- ds worth re 


ES 


Ln 


need them, for as long a period as may | 
necessary- : 

(b) Salines —Saline i 
mechanically to some extent. 
water from the body if they 
only a small quantity of it, io 2 
reason the doctor will order them to -= 
given in some cases. When the dose » ; i 
in a large tumbler of water, or s i : 
cup of tea, practically no fluid is absor - 
from the body and the whole acts simply as 
a bowel wash-out, and within a short time 
(forty minutes or so), and the doctor will 
state which method is to be followed. Salines 
should be given on an empty stomac h, first 
thing in the morning, at least half an hour 
before any solid food is taken. 

Epsom salts, the popular health and fruit 
salts, and spa-water preparations are the 
most widely used, and for a healthy person 
needing just an occasional aperient one of 
these taken with plenty of water or a fresh 
cup of tea is harmless and satisfactory 
Taken in a little water only they are irritating 
and not suitable for ordinary use. 

(c) Various drugs.—Other aperients are 
many and varied, ranging from senna pods 
and syrup of figs to complex substances 
designed for use in special diseases only 
All are useful in certain conditions but will 
do nothing but harm in the long run if 
Said indiscriminately, as is so often the 

Never give castor oil unless the doctor 
orders it, particularly if there 

: most valuable, bu 
contributory cause of the deat 
having any tendency to 
intestinal obstruction, 


aperients also act 

They extract 
are taken with 
and for this 


is abdominal 
right circum- 
t it can be a 
h of a person 
appendicitis or 


a ee should be Prepared in cold 
c ^ i ei [e the required number , í 
m mbler of cold water for Six 


Nearly all the ; 
urgatives ; ; 
should be taken is thing sde 


peating that they 
ept on medical aq 


; group 
at night, and it 
are not suitable 


for use exe ` 
3 vice, 
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during the illness itself 
has been ill knows tha 
time to pass through. 
© get on and 
4 aed and cannot do all he plans, He feels 
t s il and irritable, and needs really sympa- 
ic handling. “Hasten slowly" should 
the watchword, for over-eagerness will 
produce disheartening setbacks 
course a good nurse will not con: 
" Don't." She will forestall 
suggestions with good ones of 


t of 
ly say, 
table 

ow? 

If the convalescent comes to you from a 
ital or nursing home, ask the staff when 
ives if there are any special points for 

E observe, and let the family doctor 
im almost at once. It is usual for the 
pital staff to send a report of the case 
the discharge of a patient to his own 
so that appropriate follow-on care 
given, but in many cases no treat- 
needed beyond good nourishing food, 
sleep, fresh air and sunshine and 

lly increasing exercise and’ resump- 
of the usual work and interests. The 
r will probably see him from time to 
but the home nurse must be on the 

t to recognise untoward symptoms and 

that these are quietly dealt with as 
is they arise. 

For financial and other reasons, it is often 

‘ly difficult for an adult to spend 

ought in convalescence, 

ld unite in doing their 

for him. A too 


long a period as he 
| his friends shou 
nost to make this possible € 
cturn to full time work may leave its 
Many à busy mother endures 
ilth, which could have been 
1 not felt obliged to resume 
n she was really not fit 
eed to spend 


early r 
nark for years. 
nstant poor hec 
voided if she hac 
houschold cares whe mo 
o do so. Children especia y 
x be h longer time in convalesend M 
is usually considered necessary de a 
Do not let a child go back be Eo iut 
he is really fit and well; he Bee 
up with his lessons, whereas 


TEACHING IN PRACTIC 


"expensive and more 


E FOR SR 


NE may arise 
emporarily impaired phys 
The patience ars 
of real responsibility for 
who no longer has the ¢ 
visits to rely on, and she 
it and do her best to bring 
to a satisfactory conclusion, 

se care of a PERMANEN 
calls for good nursing in th 
of the ie and dE n 
highest qualities of those 
Try to preserve a. balanced 
while the patient's life is 
as you can make it, the 
other members of the ho 


the best interests of the 
perhaps more often it is 
a fretful autocrat as so 
and this should not take 
provided with a hobby 
contacts, an easier ma 
wireless than it used t 
It is a good thing to 
district nurse, to make 
everything possible fi 
in the best way, for she ` 
simple devices and econot 
make all the difference. 
patient. Consult her à 
any special equipment, | 
or bedpan, as her € 
taught her which are 
suit the circumstances. 
easy to choose isely fro 
in a catalogue, and 
carpenter can produce 
will be actually more 
If the care of the invalid 
one person, with no pu 
much, it should be under? 
have a holiday now and | 
usually dislikes à 
much ined but aed 
competent he opis 
o stimulus, and 
appreciative of his 


FECTIOUS DISEASES 
measures designed to prevent 
infection; the nursing care 
other illnesses. The patient 
‘be a child as far as home 
sncerned, and perhaps not 
‘ause in most districts now 
ous illnesses are nursed in 
Hent in a room to himself, 
imum of furniture, and let no 
doctor and nurse or mother go 
washable overall on the door, 
tis on always before you attend 
in the room; take it off on 
ing the outside only, and then 
nds well and rinse them in dis- 
‘Use a disinfectant for washing 
the furniture daily with 
out init. All articles used in 
om must be thoroughly dis- 
re they go back into general 
made of such materials that 
satisfactorily treated ought 
In the case of very favourite 
the doctor, who will decide 
ot they can safely be spared. 
washi is ed a o laundry, 
certificate required to 
L has been properly disinfected, 
done by soaking it in a disinfect- 
Dettol, at the recommended 
the poa 5 time ordered. 
n and lin i 
I boiled instead, but other 
Still need treating as abov 
that it is T 099088 
e not sufficient simply 
xh D even a very strong 
z the correct length of 
sar, oig d to a substance 
"i - “lear instructions 
J the modern disinfect- 
llo it exactly you 
ie prefer boiling 
al crockery, see 
Mia water 
th 


^ 


S 
" $ 
~ pI 


A. 
3 
EIC i 
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linary 


ever forget that or: 
play s 


r cleanliness 
the spread o! 


on the articles. N 
thorough soap-and-water 
a great part in preventing i 
infection, and nothing can take its place. 


COMMON NURSING TREATMENTS 


The MEDICINE CHEST should be a well 
made cupboard, having two divisions or 
shelves, one for medicines and one for sub- 
stances intended for external application 
only, and it is convenient if there is also a 
deep drawer for bandages, etc. The door 
should fit closely to exclude dust and should 
have a good lock, and the cupboard ought 


"iw «| 


MiprciNE Cuksr 


to be placed against a Í 1 
reach of children, ina db qe 


It should be kept locked an 
nus the responsible memb 
e can get it quickly, 
E en quantities onl 
; requently used 
things do not keep well. See that 


ghted position. 
d the key hung 
ers of the house- 


E is clearly 
ck anything 
for a definite 


labelled, and 


purpose. Th 
be simple to 
Y of error; 
needed, and 


to be i 
m good condition 


te use, 
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FIRST SHELF— Remedies for internal 


us 


1. Aspirin table 


ts of good ; 
Empirin 8000 quality or, better 


Compound Tabloids which 
'henacetin and caffeine. This 
preferred in modern medical 
' on all occasions for which aspirin 

uitable, Cost, 1s, 4d. for 25 tabloids, 
t. for 100. Adult dose, I or 2 tabloids, 
o£. castor oil, 

\n aperient for occasional use. Any 

y prescribed one, or Epsom salts or a 

‘ne, and milk of magnesia if there 
‘ren. If anyone is taking a paraffin 
ton regularly, it will probably be 
nvement to keep it elsewhere than 
medicine chest, especially as the 
may become rather oily on the 


tain also I 


xture is 


innamon and quinine or other “cold 

it has been found effective for any 

ial. They cannot be relied on unless 

immediately the first hint of a cold is 

three hours later when the chemist 

ı will be too late, therefore keep any 
emedy in stock. 

\ «mall quantity of sal volatile or 


\ny special remedy needed from time 
in your particular household. 

\ 2 oz. measured medicine glass, and 
. a china measure as well. 

A measured medicine spoon. E. 
medicine in current use which is 

bsolutely harmless. An overdose of 
tonics, for instance, would do d 

hild or irresponsible person who might 


An 


them. 


SECOND SHELF—Substances for 


rnal use only: 
A non-poisono 


exc 


us disinfectant suitable 
h as Dettol. 


I 


r all-round use, suc j a 

wm bottle of Milton unless one 
kept in the kitchen. ; M 

> A small tin of antiphlogi : 


t suitable for 


: of ointmen il 
f sa 2 g- Germolene or your jamiy 
pur P "cs, 


favourite. 


TEACHING IN PRACTICE FOR 


5- A large tube of 
Serious burns, 


DRAWER: 
I. 2 tested thermometi 
2. Roll of cotton woo| 
3. To of plain lint, 
4. Packet of plain gauze, 
5. Half a dozen cotton b 
23 in. wide. Narrower « 
useful for very small 
above width is better for 
and a cotton bandage 
half with a sharp knife, 


6. Box of assorted 

7. Reel of adhesive 

8. Packet oe Pa 
aid dressings. These are 
ask the mA to show 
select those most | 

9. A pair of Nom i 

finding another pair ¢ 
E T EN whatever 
medicines of unknown 

All substances Use 
APPLICATION must 
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und the 
must be a space TO! n 
b of free evaporation. and me 
bandage must be. kept moist ie : jd 
: : itside fron 
Some NTS are inflammable, so which is P eae eee E 
p ES : : i = n, L O < " 
| comm from any naked flame. to ume Ee pedetothes S25 perdre 
| n DE erplied by friction, which materially reed ME iba leg: box wil 
assists their ` Pour a sufficient quantity H : s 
- — [nto the fap ot the hand and rub the area side removed will do q 
lightly and briskly until the skin is dry, red purpose. 
and Then cover with a pad of 
warmed flannel or gamgee tissue (cotton 
wool enclosed in a single layer of gauze or 
— putter muslin), and bandage in position. 
Some liniments must not be too frequently 
over the same area or the skin will 
become roughened and sore. Should such 
symptoms appear, use talcum powder or 
plain olive oil for the next one or two 


g in the cupboard ought 


pun; anl label supplied by the 


to bear the origina 


i 


"n 
we) 


rubbings, 
OINTMENTS ought to be applied by 


: rigid them on a piece of white lint or ug 
linen cut to the required size, and BOX ARRANGED: A5 CRADLI 


bandaging over the affected area. A spoon POULTICES nowadays are us 
handle or a knife will spread them well if i 
you have not a spatula, and if the ointment 


all 
antiphlogistine or some kaolin preparat 
which is very similar in appearance. H 
them by standing the pot in a small sauce 
of boiling water, and when hot enoug! 

the contents to equalise the heat: 
thickly on to lint or linen cut a little laris 
than the required size, turn in the ede 
quickly, apply and cover with I 
gamgee or cotton wool and bandage 
position. Some experience is neede 
just the right degree of heat. but 
over-heat the jar at all or the 


it 


SPREADING OINTMENT 


volatile 
hs likely to soak throug} i " 
għ put a thin layer of 
[M wool or a folded pad of linen over it 
: oa but do not use any water- 
E ^ 
A apply a COLD COMPRESS such as 


» Soak a double fold of lint o 

> r old 

pw in the gteecribed lotion, cover with 
piece of oiled silk or jaconet 

prsih * next to the lint, and Bu: 
gis needs changing at least every 


rg ORATÍNG LOTION 


S are similar] 
t the Waterproof material 


à severe burn if applied 
These dressings need 


A $ on. "i. e 
' be changed twice a day only unless other- 


4 orde red 
INHALATIONS comn 


Friar's 


nonly used for colds 
balsam and menthol. Use a 
ht" quart jug, put in the required 
nt of the medicated substance, together 
the proper quantity of cold water in 
© of menthol, as stated on the label, 

! water up to one pint and take 

ent. He should be sitting comfort- 
pped upright with a firm pillow on 

n bed, otherwise seated at a table, 

| hold his head over the jug while 


PATIENT WITH INHALER 


i th towel 
envelops both in a large ba 
enc id the vapour. He should Qe 
c and inhale the stean oa 
a 
ten minutes. Never leave a p 
vith a sei inhaler; he might im 
|f badly for lack of help at the right 
a “inhalers” cost id 
They have a par Wee m 
less easily spilt t , b 
ber think that a Jug 


4 


eves closed, 


i di Special 

td 
re perhaps 
n practice 
to be preferred. — —— 
\ DHESIVE PLASTER 
s in place tends to t: 
T prevent this, paint 


used to keep 
e the skin 
Irexsin with 


re 


Friar's balsam and let | 
(which will take at vs 
applying the plaster, — 
LYLE'S GOLDEN $ 
burns like magic if p 
it on thickly and bind 
stout material, like 
may seem a clumsy dre 
on for a few hours it rem 
and blisters, and leaves 
firm. The treatment is 
larger burns and scalds 
unbroken, and in this case 
to be renewed once or tw 
about eight hours. 
FOMENTATIONS are | 
were because antiphlogisti 
largely taken their pl 
advantage of not needin 
frequently, and also do 
sodden. They are still 
poses, however, and are 
and thus rendered almost. 
Fomentations are classed | 
the skin is unbroken and i 
required for the reli f 
surgical where there is 
For medical fomentati i 
lint or flannel as it need. 
there is no broken surface 


Cut a double or treble 
or white lint to the right 
it in the centre of a strong dry 
aq in. b) 18 in., which is the 
twist the ends of this and place the 

basin, Pour over enough boiling 
cover, wring the cloth out as dry 
ible, remove the fomentation, shake 

ly. Cover with oiled silk 
‘and a good pad of cotton wool or 


wee, and bandage in place. If you do 
e out the steam the patient will be 


ection. 


| fomentations must be boiled to 
them, and white unmedicated lint 
S | the best material to use, as the popular 
"boracie lint gives an entirely false sense of 
y and is also more expensive. Place 
t lint folded in the wringer in a sauce- 
water, arrange the ends up on the 
i it they cannot catch fire, and boil 
[ ten minutes, Strictly speaking, two 
ED one with her hands 
bed running water and left 
handle and apply the fomentation 
itself; the other to take the wringer out of 
ere place Wen a basin, bring it 
4o the bedside, wring it out and hand it 
4 b ibbed-up person untwisted, so ie 
she can take it out, shake, and apply as 
+ Fomentations must be YE oat 
or the part will soon become 
: i Which t most E 
En not hold th 
ag and it left cold on the affected UR 
. o harm; therefore the doctor wil 
them to be applied every fi 
* or so for half an hour, fis 1o bs 
with d. two hours, the part bei 
ee with à pad of wool in the me She 
may be ordered to be ee pee 
Nr continuously, Anything less fn 
that is not very helpi peste: 
dition ry helpful in most 


ONG is often ordered to 


ture, and deftly 
and refreshing 
as for a blanket 


J 
a 


E. 
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gil 


ture and pulse befor« 
unless othet 
it in long 
wet 


and take the tempera ant 
you start. Use water at 90° F. ul 
wise ordered, and sponge the patie! 
single strokes with the sponge very =e 
After each stroke, squeeze it into the empty 
bowl and redip in the water. Spend ab ut 
ten minutes on the limbs, chest and abdom i 
dividing the time evenly between t 
then turn the patient and sp 
forfive minutes. Dry him by dabbing gently 
not rubbing, and disturb him as little à 
possible throughout. Take the temperature 
and pulse again, and if the temperature ha 
not been sufficiently reduced repeat the whole 
process, unless you have been instructed 
otherwise. When you have finished, leav 
the patient covered with a sheet and one 
thin blanket, and unless he is asleep take Ux 
temperature yet again in half an hour's time 
Should he start to shiver during the sponging, 
stop at once, cover him up warmly and give 
a hot drink and a hot water bottle. Wate! 
him carefully but unobtrusively and removi 
the bottle and extra coverings when he 
complains of feeling hot. If he 
"n B Kk app ar 
really collapsed and does not quickly im- 
Paes get into touch with the doctor. 
is a et ENEMA or bowel washout 
eatment the doctor will occasionally 
order, but it is not the simple matt ep 
appears to be for an inexperie ional 
to perform. If yo xperienced persor 
f you can possibly get a nurs 
to demonstrate it, do so li E nurse 
stances use the pc Po HE nO f 
s e popular ball syringe wit} 
rigid nozzle. Attention has ; niemals 
drawn in th ; ns recently been 
: e medical press t a. 
Which almost fatal ini O EWO GASDA di 
disability, has been jury, and permanent 
it is very much ras in this w; 
enamel douche E to use 
rectal tube and 
flow of fluid. 
but it is possi 
can which co 
1 Use either 
size of a wa 
of a pure 
Primrose, a 
boiling wat 


ge the ! 


cum 


iy, and 
; a two t 
ted with a soft rubber 
ae metal clip to control t} i 
e whole costs "1 
ble to manage w 
sts a little less, 
iw of green soft soa 
= » Or about twice E 
(quae soap such as 
» and dissolve ; 
ae solve In a li 
n the douche can. Un i 
" Sultab} 


about 5s. (4 
ith a one- pit ^ 


às much 


' 


F 


nk CAN WITH TUBE AND CLIP 


cause a rash in some persons; the 
entioned probably never will. Add 
to make a pint of fluid at 105° F., 
naller quantities being used for 
of course. The patient lies on his 
with the buttocks at the edge of 
covered with a blanket or towel. 

e the end of the tube with vaseline, 
ttle fluid flow through to expel the 
n very gently insert the tube into the 
m for two to three inches, and with 

; slightly raised above the level of 

cd open the clip and allow all the fluid 

; into the bowel, then close the clip 

i withdraw the tube. The patient should 
instruc ted to retain the fluid for a little 
It is important to avoid 
r, which causes severe discomfort, 
care not to hold the can 
or the fluid will 


uf possible. 
ecting ar 
xd also take 


igher than 1$ necessary 


flow too forcibly. 

4 QUASSIA ENEMA for threadworms 
iven in the same way, using an jor: 
of prescri strength instead o 

at à temperature O 


and water, : 
hg should, if possible, be retaine 


TN. 
of quassia 
the soap 


i The successful nu 
or special qualities in 
much depen’ on mes 
It he is well-disciplined 
his experience has led h 
ems he will have 
making good progre: 
managed, spoilt cid, wi 
threats and promises 
out, will be an 
patient to care for, 
chances of making a q 
The nurse needs s 
of observation, endless 
understanding of chil 
nursing is concerni 
the child's mother or 
will thus have the ad 
normal habits and ap 
can fairly easily, estim 
Further advantages 
patient knows her 
absolute confidence in h 
no alarming uniform, Ch 
sensitive to “atmosphi 
must be taken not 
their mother is anxious 
they are under obse 
and cheerful in all circ 
It is a good thing i 
children’s temperatures 
perhaps as a game on @ | 
will manage the the 
and will not be 
attitude towards docti 
pitals should be. clear! 


especially now 
accommodation 


Ep 
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its a foot 
i ibery; atment Though not itself a ; A 
ng Eu Ee E course eating m EA udin Ay 
E Eoo i 5 or as “Crys alace | 
E se the doctor says auch! 
eT B thet the doctor will two layers, ien 4 peters 
». co or that medicine is not nasty, and it sem dn ER 
Ee these "statements are quite true. It hot or cold, a 
= ds wiser to say, “This may hurt you a little, 
but it won't be more than you can bear, 
and it is to help make you better." Children's 
are seldom nasty nowadays, but 
some look dark-coloured and unpalatable, 


1, it 15 


CRYSTAL PALA E 


times the quantity of water Prett 

reserved for use in illnes t 

tray look interesting, and 

drinks are a delight to any right 

child. 

Remember that a young chi 

ture is very unstable, and ther 
and the child may not at first like a flavour necessarily any need for alarm if 
which is strange to him, so make him under- be high for a short time. Do not t 
stand that medicine is good for us but does all unless you really think the 

"LL always taste nice, and supply a barley well; it is not a good habit to int 
sugar fish or a boiled sweet afterwards. if you do find it raised above 99- 
Decorated medicine measures can be him to bed. Keep him quiet 
picked up at bazaars and handicraft shops, room, and give plenty of fluid, wit! 


s c the dose a little more more solid than 


Tue Dose or MEDICINE 


fe , Sponge fingers 
: A biscuits—and do not press even tl 
Co a e with imagination will he wil probably soci be himself 
ES ig an ordinary looking Send for the doctor if the tempe 
E ey Set. Thin bread as high as 102°, or if it persists 
iey E. Er, or cut into flat 01° for two or three days in spite 
i E E a E regarded as above treatment, and of course "i 
E nos DE tps, a if the child seems really ill, regard 
Manges (particularly in Fac iUd pow E quuperatire, D | 
Mino. ste» and jelly — EARACHE is 
attraction for most children. 1 e 


1 
ca 


ptom = tax 
regarded by many ciate ind if 
appears to have it—and ev M ver 
babies do have ear t in 
see him without del 


to a serious o 


— 
rouble—let the 
ay. Neglect m 
peration and 
$ j anc ever 
S rd A discharging ear is les 
rr at also needs investig 
e allowed to continue 


edem lé untreat. 
Put drops of any kind or a 


ation and s} 


Kannrr-suarzp BLANCMANGE 


ny 


V—— 9 
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TEACHING IN PRACTICES 


wool into the ear except 
On medical authority, 
A good Pad of warmed 
wool will afford a little 
comfort whilst Waiting 
to see the doctor, but 
nothing else should be 
applied without instruc- 
tions, and on no 
Pa ¥ Corrcn account give aspirin in 
Yoo. appump any form. 
» EAR FOREIGN ' BODIES 
pushed into the ear or 
must be left strictly alone and the 
taken straight to the doctor, Even 
| the object appears to be absolutely 
' remove, do not make the attempt, 
certain to be pushed in further and may 
grave damage to the delicate and 
mplicated surrounding structures. Three 
at least are needed to remove it 
a good light, special forceps and an 
rate knowledge of anatomy, and only 
tor is likely to have all three. 
FOREIGN BODIES IN THE EYE, Ifa 
foreign body, dust for example, finds 
y into the eye, it can be removed by 
. the face into a basin of water and 
and shutting the eye under the 
If the body can be seen on the eye 
t can be removed by carefully wiping 
wav with the corner of a clean handker- 
i the lids being kept widely open. Very 
the body can be felt under the lids. 
a uU ‘er lid, pull the lid 
; under the lower lic, P hild 
far as possible, tell the ci 
and the trouble can oe a 
ved with the corner g adeant 
+ is under the upper lid, se 
qusc and get him to look downwards 


as possible. 


down as 
k upwards, 


far 
| and very gently 
il objec 

oll it if necessary. 
" «cn adhering tot 
Discomfort frequently, s n 
removal of à fore y 

account must 
b the eye 85 


na 


no 


ON 


TRODUC 
of the project.—This goo 
activi ovides opportunities 
LIT some rns of 
English, history, geography, 
rt, science, woodwork and 
1 the scheme is organised 
hone as its central feature. 
,” says the Consultative 
the Board of Education in 
Education of the Adolescent, 
should be aided to regard 
undertake as a unity, and to 
n that the world of knowledge 
of separate and unrelated 


d on the method to be 
icle is a practical interpreta- 
Instead of starting with a 
body of knowledge called 
trying to make this interest- 
the school, in this project, 
and modern interest and 
& series of lessons on a great 
ts of that interest. There 
Mages to be gained from this 
n of what is called for the 
ce the project method. 
lihood of a real connection 
the children's minds between 
in school and the outside 
of arousing and maintain- 
terest is simplified, for this 
to school work brings keen 
assertive and direct 

n school subjects and so 
Active an instrument as a 
undoubtedly implant the 
e ‘in English, history, geo- 
And arithmetic firmly in 


Project, too, assists in 
of the disadvantages of 
z of which is a tendency 
MM 

IDs. 
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to split the school into a — in - 
compartments—by giving to 0 = à 

teachers a concrete example of opopo x 
Each department, except music pus h ome 
training, contributes something to em Lek 

ject and therefore it assists in developing 
the corporate life of the school. 

Furthermore, the telephone and 1 
telephony are vital parts of modern indus- 
trial, commercial and social life, We rece 
ignore their effects, and it seems desirable 
that some knowledge of their growth and 
extent should be used as a basis for extendin 
the children's understanding of, anil interest 
in, certain aspects of their 
geography. The project also ensures 
the children shall recognise the value of 
telephone. and radio-telephony in ny 
world communications. 

Finally, the policy of the General Post 
Office in making every effort to 
telephone charges and to increase the 
number of subscribers means that, 
and more, the ex-elementary schoo 
will require to use the telephone. Years 
ago it was a fearsome instrument to the 
uninitiated, but it is now so much a part 
of our social life that children must be 
taught how to use it efficiently, economical! 
and with confidence. i 


cal 


li 
idio 


history and 
that 
the 


lern 


reduce 


wore 


Telephone apparatus.—The possession of 
a pair of telephone receivers or of a telephone 
system in the school is not essential to the 
working of this project, but it is an attractive 
and useful feature which enhances tha 
E of the children in the matter in 
pe The provision of a telephone system 

epends upon the facilities available 
equipment and € 
of members of the staff. A gene 


in 


re willing to 
Poses one pair 


instruments 
unused, and very 
two classrooms. 
non-mechanic. 
the set. The 


In 


ome areas, there can be obtained from 
G.P.O. Sectional Engineer examples of 
out-of-date instrument, The price varies, 
one school was fortunate enough to 
un fourteen sets at five shillings each 
and from these was able to build up 
claborate internal system, for these sets 
e as efhicient for all ordinary purposes as 
we modern types. They are unused 
nedels of obsolete pattern. It has been 
ind from experience that the officials of 
General Post Office are willing to help 
hools in whatever ways they can, and it 
with confidence that letters asking advice 
be sent to that organisation. 
li no instruments are available, the craft- 
wns can probably provide a model. As 
last resource, a circular tin lid fastened 
ıt at each end of an 8 in. piece of wood 
give the children something which they 
learn to handle correctly while practis- 
telephone calls in the English lesson. 


will 


nay 


Outline of the scheme.—This project might 
be carried out as a definite part of the 
curriculum during the first term of the mx 
or be spread over two terms in the 
It should appear only once 
in a child's senior school career, Us p 
ably towards the end of ito pe 
project is put into operation, yu ee 
work and metalwork can take " T Bie 
i the scheme will also appy DAE 
history, geography, mathem nn. 
T >ne woodwork and me 

The science, WO "ect the system 
departments assist in con 


year 
second year. 


an 


~ ov in fitting up 


n science, the basic prin 
Construction and owe 
with, Any elabora 
acts is depend 
the science aste ob 
able, but there is no 
Should be dealt with 
unless it fits in close 
scheme of science teac 
In English the aims ar 
use of the telephone 
practice in original 
improve enunciation 
types of calls are dealt y 
section of this article. In 
are examples of scale m 
ments and apparatus, and 
work to make the ch 
costs of local calls and. 
trunk calls, at the 
work within the scope. 
metic syllabus, It is 
without special tra 
matics section of 
children and even s 
idea of the cost of. 
this occurred when | 
a friend in Montreal 
master was out, not 
the call. 
In history, the chi dren are 
ate how the modern 
development of long: 
through the centuries. 
the use of fire and 
ancient Admiralty 
flags, rockets, heliogt 
semaphores. 
comes under survey, 
Morse, Rees, Bell, 
There is reference 
casting Corporation : 
of the project deals 
position of telephe 
telephone services, ' ; 
to the m OEE 
international call is m 
in England. In art, t 


: d 
BA 
ng and bookcraft. Some 
ow these branches of the 
‘used in the project are given 
on of this article. . 
mber of the staff who will be 
h the development of the 
have a copy of the complete 
might be compiled from the 
which follow. This will 
chers concerned a general 
ole proposal, and each will 
how his own section fits 
me. There should be an 
for the beginning of the 
hat the whole of the work starts 
the interest becomes compact 
ed. The classes which are to 
ecial short course to be outlined 
beforehand what is to be done, 
be given its initial impetus 
r from the head teacher 
as the following:— 
our school is divided into 


~As a means of teaching the 
electricity, a set of telephone 
E be extremely useful. The 


- of electromagnet: 
€ telephone induction coil or 
in the electric bell or buzzer 
to Et attention, in the 
ceive and in the numerous 
controls which are to be found 
ae Sa circuits 
9 be traced in the 
*. The standard design of 
d by d General Post Office 
nce à variab le resistance 
ne Jess striking features of 
uch as the batteries and 
with electro- 


dion and the heeting 
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“subjects o 


ism is exempli- : 


D 


ther 
tiie 


n the time-table so that 
shall be system and method in os à 
tion. But in the story of man's en 
through the ages there are no a 
divisions. All mans activities are 1! l 
connected, and everything that man ha 
achieved in the world has been the resu 
of effort and thought and planning im cot d 
less branches of life. The story ot m pen 
on your desk contains material for dozen 
of lessons in what we call English, 
geography, science, mathematics and engin- 
eering. English spreads through all you do. 
Whenever you read, write, talk or think 
you are working in the subject which our 
time-table calls ‘English’. 

“Soon you will be taking a series of lessons 
on the telephone, and these lessons will 
prove to you quite clearly the unity of lifi 
and the way in which all our separate sub 
jects are, in reality, one indivisible whole 
When the course begins, that is one of the 
chief aspects which you should keep in view.’ 


yrgzanisa4- 
leavours 
tificial 


mnt 


history, 


SCIENCE 


source of inspiration from which to develop a 
many sided interest, or as a means of linking 
together several aspects of electrical scien: my 
In schools where telephone instruments 
of the usual commercial type are available 
the wiring, testing and operating of these 
E à working system in two or more rooms 
p a om “ae sees project. 
ng to the limited opportunitie 
practical work offered by suia a un i ^ s 
greatest possible benefit will not i. 
from this sort of plan. Some Y 
ponents of ever "T e PA Man: 
Y school installation should 


be school 
construction Í 
Instruments itse If, and in 


I lowey eT, 


Paragraphs, suitable cire 
are discussed and const 
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Instruments are g 
of the latter, iss 
value even in th 
of ready-made 


iven. By makin 
re g full 
Re pee ney prove to teat 
Ools where the 
apparatus is strictly m 


Telephone systems 
System consists of i 
ind an exch 

xchange. 
to the s 


; —A simple telephone 
- number of subscribers 
exc — is linked 
transi, ON y wire landlines which 
m € Eus currents. Through 
- A. am operator, or by means p 
atically operated exchange mechan- 


MICROPHONE 
SWITCH 


SET A 


TELEPHONE INSTALLATION, 


MPLE 


Set A: Manually operated p 
Set B: Automatically operat 


;, any pair of telephones in the system may 


v put into communication with each other. 

Each telephone set consists of a micro- 
ve or transmitter, by means of which 
air vibrations set up by the voice are 
ed into à varying electric current, an 
r which transforms the 
rving currents sent by another microphone 
ans of calling the attention 
another subscriber, and 
when a call is to be 
t effective telephones 


phot 
the 


chang 


earpiece or receive 


va 
into sound, a me 
of the exchange or 
bell which rings 


aA 
The mos 


received. 


TEACHING IN PRACTI 


FIG, I 
INCORPORATING ALTERNATIVE Forms 


CE FOR 


contain induction co 
help to avoid ae of 

Commercial s 
as they incorporate 
help to ensure good ser 
reliability. For the press 
àn exchange may be ook 
centre to which all la à 
links are used by an operat 
inquirer throu : 
There are p^ WE 


ress switch. 
ed spring hook switch. 


in school, The simpler 

forward room-to-room 
no transformers and no € 
follows more closely the. 
by the Post Office T 
and has as many 
desired, all of which are 
change situated in the sci 
or in some other conveniet 


A simple school in 
it is proposed to’ _consty 


the simple sets illus- 
serve very usefully as 
re, For communication 
ac in a school the 
jown is ideal, and its prepara- 
Hlent little project. The 
tus required is 
mum, so that only a 
needed, yet the efficiency 
js not open to question. 
the two sets. In one of 
lamp battery is introduced, 
e or hand combination 
ed to hang on a spring 
[it in the down position. 
ius on the hook of one 
the spring lifts the switch 
the circuit and makes 
lamp in the other set 
to attract somebody’s 
the second instrument 
errupts the ringing and 


HOOK 
SWITCH 
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A CED TELEPHON 
E Cibecrber's apparatus i 
3 apparatus, i 
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y connects the two stations 
sation may take place. 

ed with a press 
in the 


automaticall 
so that conver: 

Set A in the diagram is fitt 
switch which controls the current 
microphone circuit. Whilst the apparat 
is in use this switch must be held down. 
The need for separate microphone controls 
of this kind may be avoided by using three- 
point switch hooks as shown in the alterna- 
tive Set B. This design is very cony enient 
as it makes the whole installation entirely 
self-acting, but it offers no protection for 
the battery on those occasions when the 
receivers are accidentally left off the hooks. 
Get A does not suffer from this disadvantage 
because its switch interrupts the current 
as soon as the user releases his hold. 


An exchange-controlled installation. -ln 
this form of school apparatus, three or more 
identical sets of equipment are erected in 
different rooms in the building, and each is 


MICROPHONE 
ee 


| MICROPHONE 


TRANSFORMER 


SWITCH 


RECEIVER 


BATTERY 


CALLING SWITCH 


|i 


€ panel in a centra] 
n pair of wires, The 
a set is represented in Fig. 2A. 


Ihe apparatus provided for the use of the 


exchange operator differs slightly from that 
Í à subs riber, 


and has its lead-out wires 
connected to à. two-pin plug instead of to 
' pair of landlines, Each subscriber has a 
lling switch in his set by means of which 
can draw the attention of the operator, 
| he has a bell by which he himself may 
called. The calling switch is retained in 
perator's set, but the bell and spring 
' are omitted as their functions are 
‘med by apparatus built into the 
nge itself, Microphone switches of 
kind shown in Fig. 1, Set A, are included 
th the sets in Fig, 2. 
^n a suitable panel at the exchange there 
mall lamp, a switch and a two-pin 
«ket for each branch line, Fig. 3. The 
mp serves to indicate when a subscriber 
s to make a call, the switch is used 
t the lamp out of circuit whilst the line 
«ing used for conversation, and the. two- 
«ket provides an easy means of inter- 
ecting different telephones. A relay 


LANDLINES 


TWO PIN SOCKET 


SUBSCRIBER 1 


INDICATOR (O) 
INDICATOR (O) LAMP 
LAMP i 
SWITCH 
SWITCH 
P 


Circuit OF EXCHANGE 


LANDLINES 


TWO PIN SOCKET 


SUBSCRIBER 2 
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which works 

an indicator | 
the circuit, so 
be in constant 
lamps. The bell 
a switch so that it 
at will. The rela 
and practical | 
paragraph, page 5 
stood, of course, tha: 
bell is optional. | 


exchange panels 
bell rings if it is 
plugs his appara 
caller, turns off 


inquires what ni 


Oe EN 


BATTERY 


SWITCH 


BELL 
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sockets together and therefore 
telephone circuit between the 
lines. If the exchange is a large 
r call may come in whilst the 

n is in progress, and this 
with in a similar way to the 
ate flex, or cord as it is termed, 


itor thinks that the con- 
y to be at an end, he inserts 
e adaptor on one of those 
without disturbing any of the 

‘The kind of adaptor which 
shown in Fig. 5. If nothing 
, then the call is assumed to 
the cord is removed from the 
two indicator lamp switches 
the o» position again, and 
peration 1s complete. If, on the 
| the lines are still engaged 

4 es his plug from the 
les again a little later, 


Two forms of construc- 
instrument are described, 
first kind make use. of micro- 
^d give reliable results, 

ate reasonably 
made units, A micro- 
à ready-made button does 


A TELEPHONE PROJECT 


-.. OPERATORS 
4 ^; PLUG 


Two-Way ADAPTOR FOR CORD lii 
FOR OPERATOR 


not give as much opportunity for inve 
tion as a school-made becas 
working parts which it contains are \ 
small. 


one, 


The button microphone. Most retail 
electrical equipment are able to 
microphone buttons at the price of rs 
The instrument as purchased consists of 
container full of carbon granules, a small 
mica diaphragm and two contact ! 
The constructional work involved in prepa: 
ing the button for use includes the makin 
of a suitable case and the fitting of a larger 
diaphragm to the stud which projects from 
the mica. The diagram, Fig. 6, shows how 
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this work may be carried 
à block of wood in which al 
accommodate the button 
i$ unimportant—a hole of 


- in. and depth about fin. 


E The eases 
hole is sunk to 
The exact size 
diameter about 


he metal stud on the button [us 
> à metal base plate, which in i ted 
n Kie to the wood at the bottom of the 
whole in the block. If the stud has no thread 
nd nut, the fixing to the plate may be 
| either with a grip screw or with 
Ihe stud on the mica front is bolted to 
n diaphragm of mica, celluloid, brass 
pper, aluminium or tinplate. The actual 
tenal used is relatively unimportant, 
vided that it is thin. Results can be 
uned with a tin lid for diaphragm, but 
mething rather more pliable is desirable. 
edge of the flexible plate is gripped 
tween the surface of the wooden block 
a serewed-on cover plate. A gauze 
r for the diaphragm and a conical 
> of tinplate or cardboard are 
[ul refinements which give a professional 
«arance to the finished instrument. 


The carbon disc microphone.—As in the 
ther design, wood is used here for the case, 
| the electrical parts are inserted in a 
Ihis hole should be about 4 in. deep 
of a diameter which suits the carbon 
phragm that is to be fitted. A thick 
ee carbon, wedged at the bottom of 
hole, is on top of a strip of copper or 
z metal foil through which an electrical 
can be made, Fig. 7. The 
hole above the carbon 5 
iu 4d wi n granules, obtaine 
tly filled "e Wr Lis NAE C 
a supply prepared by. 
ods should not be 
mercial article. The 
block should not be 
full. A thin carbon 


« 


nnection 
mainder of the 


n a dealer. 
'ranules be used, and 
breaking up carbon T 
substituted for the com 
above the carbon 


»e-quarters z 
an three-q the hole gives á 


spa e 


more th 


diaphragm clamped roe EA. Hed 
ction . 

second cone mercial product 1s 
the use of a com a 


again, 


inae are 
advisable. AS carbon lamina 


fragile, the risk of f 
the clamping pl. 
inserting thin rubber 
old cycle inner t 
carbon diaphragm. 
strip mounted bet 
one washer is used | 


protector and a 


The telephone rec 
is difficult to constr 
only capable, patient 
it. Discarded post 
or single earpieces fr 
give better results tl 
made instruments, and 
apparatus is to be 
rule. Nevertheless, 
Fig. 9 will work \ 
for that reason its 
is fully justified. t 

Post office earp 
have a com n 
may therefore be 
circuits, Figs. I 4 
receivers tà cen 
should be E 
inclusion in à nor 
microphone current {0 


E ig. 8, the 
ts shown in Fig. 5, t 
rti Bur installation rin 
ratus to be usec. 
om shown in Fig. 9 
J magnet mounted in a wooden 
racy in construction is import- 
‘of the project, it is best to 
case of the receiver to 
shape and drilled in a lathe 


1 
i) 
' 
nese 
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CATIONS TO TELEPHONE CIR- 


2), APPLICABLE WHEN WIRE- 
Receive, RS ARE TO BE Usrp 


A TELEPHONE 
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in the workshop, although it is possible to 
do the work without this mechanical assist 
ance. When using simple tools, it is « 
venient to make the case barrel and head 
separately and then fix them together with 
glue. The rod magnet used must | 
good quality and should be about lin 
diameter. A bobbin built from fibre sheet 
or insulating card is fitted firmly on one 
end of the magnet and holds a wind 
No. 36 S.W.G. silk-covered copper wire 
To wind the coil, the magnet and bobbin 
mày be mounted in the chuck 
drill which is clam 
the bench. As the drill handle 
steadily, the wire is fed to the bo 


ing 


is rotated 


bbin from 


524 


The magnet must fit firmly in its Wooden 


holder and it must be set so that its end i 

just Clear of the ferrotype diaphragm wu) 

encloses it. An adjusting screw at the and 

of the case can be used to obtain the best 

etting and can also serve to Suspend the 

receiver from the spring hook of the installa- 

on. The diaphragm is held firmly in 

esition on the wooden case by a thick 

wood ring which is fixed at several points 

screws, 

\ wireless type earpiece can be fastened 

' wooden rod, along with a microphone 

witch, and so form a hand combination, 

cannot be done conveniently with 

iver such as that just described. A 

lan with the latter is to mount the 

ne on à pedestal and hang the 
inly from the spring switch. 


The microphone transformer.—This con- 
ts of a bundle of soft iron wires about 
long and fin. diameter, fitted with 
n end plates and carrying two distinct 


ws. Fig. ro. The core, the primary 


uu 
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ns and the secondary are separated 
cach other by layers of paper which 
arnished. The number 
f turns and the gauge of the wire 5 bd 
ical For the primary, about six Ar 
No. 28 32 cotton-covered copper b 
will be effective. The space w er 
b bbin after the primary has ts TEM 
is f lled with a secondary of No. 36 F 
e Flex leads are -connecte 
ach coil The hand 
uggested in the 


been shellac-v: 


overed wire. F^ 
t and finish of e 


the star Jet 
vum f winding S 


drill method o! 


Paragraph on prepari ng a z 
coil is helpfil wit 3 
of a microphone trans 
The finish and moun 
can be arranged to g 
Four terminals can be 


the centre part of the fin 
with one or two layers 
or empire cloth. 4 
Switches.—The controls re 
telephone project may 
variety of ways. The 
suggest some useful forms, 
be simplified or developed if 
contacts on switches ar 
preferred to those whi 
simple pressure. Brass. 
be used in switch cons 
which rub together 
nickel or silver in order 
ance which the contacts 
circuit. The plating p ; 
and can be undertaken in sc 
A special switch calle 
in an exchange which in 
addition to the set of in 
purpose of this relay is $ 
diagram, Fig. 4, and 
illustrated in Fig. 12. - 
iron wires and 
in a microphone t 


contact is mount 
end of the electrom 
able second contact 
“the first on a screw in 
contacts are a big 
chased new or 0 
coil or magneto. 
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ture spring and the setting of the contacts 
are chosen so that the relay may operate 
when the current from one of the exchange 
indicator lamps passes through the electro 
magnet winding. 


The exchange.— The layout of this part of 
the apparatus is determined mainly by local 
conditions, and so long as the appliance 
which require manual attention are within 
easy reach, the disposition of the component 
relative to each other is unimportant 
although a neat, balanced, workmanlike 
appearance is very desirable. 

The cables joining the subscribers to the 
exchange can take many forms. For indoor 
work, bell wire may be used, but in places 
where the installation has to withstan: 
ravages of bad weather the practice adi 
by the Post Office engineers should be 1 
closely followed. An economy in cabl 
be effected by using earth conne tions 
instead of wires B, Figs. 2 and 3, or a single 
Wire, common to all Subscribers, 
taken round. 

Once the set of landlines has 
a number of interesting 
themselves. 


] tlie 
pted 


nore 


e may 


may be 


been installed, 
possibilities su 
Relaying of radio 


est 


t some other point is feasible, 


ing the neces- 


: e lines by 
"Capacity output circuit. Ti 


ime 
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signals, fire-drill calls and si 
munications may also be Es 
'opting a suitable code 


milar com- 
transmitted by 


Conclusion. The special value of this 


telephone project lies in i 
ts adaptabili 
A start can be i i E y 
See >e made with a Very simple 


such as that represented by Fig. 1 


MATHEMATICS . 


drawing. There are two sections 
«heme of mathematics. The first is 
cd to give opportunities for scale 
; and the second to give practice 
hnding the cost of various types of tele- 
ve calls, There might be scale drawings 
ch items of equipment as a telephone 
ı morse sounder, a tapping key, a tele- 
table, brackets, stands, etc., and, 
possible, a simple technical drawing 
te lephone circuit. 

le drawings, too, are required in the 

t work which is dealt with later. 


Scale 


Arithmetic.—The exercises are designed 
familiarise the children with costs of 
| calls, the more important trunk calls 
rental charges, at the same time keeping 
examples within the scope of the normal 
There follows a list of items of 
formation upon which the exercises 
It is suggested that statistics 
to the district of the school 


bus 
ral in 
based. 


taining 


be obtained from the local telephone 
tory, and that examples similar to 
se whi uit local 


«æ which follow be compiled to s 


Rentals The following are the charges 
for renting a telephone 1n private ae 
London—quarterly, fr 6s. od; E. 7 
Birmingham, Glasgow, H pog 
quarterly, fr 3500 

Rest of the country— 


od.; monthly, 78$- od. 


‘ 
snd Manchester- 
monthly, 8s. 04. 
quarterly, it os. 


TEACHING IN PRACTICE 


FOR 
and this may be 
after year, as the 
comes before suc 
no finality about the 
every boy who contrib 

can feel that he 
work of real value, 
repeat a routine task, — 


Local call charges 
charge is 2d. for 3 
and 7 p.m., and 2d 
7 p.m. and 8 a.m. fi 
within 5 miles. 
by a subscriber (ie., 
private house) is 1d. ] 
I5 miles distant the cha 

Trunk call charges. 
rates covering a 
3 minutes for ord 
nected within the 
follows :— 


For distances up |a. 
to and including | 
(over 15 miles) | 9 

| a.m. | 


20 miles 


25 ^» 
3595 
50 » 
Vi. m 
3625) ) 


Over 125 miles 


e 


L 
m 


: ce from London Exchanges) 
. Bam. | 7pm. 
to to 
7 pm. 8 a.m. 
s. d. s. d. 
42.0 4 9 
6 0 3 6 
I0 0 o 
2-5 4 6 
13 3 B0 
12 6 7m 
1; 6 10 6 
14 3 8 9 
17 6 10 6 
; (from London Exchanges) 
£ s.d. 
0 | Canada 4 40 
(0 0 | Japan 6 00 
.0 | S. Africa 4 100 


40|US.A(West) 6 0 0 


| following ten exercises 
uggestive and the types 
ed at the teacher's 
additional value is that 
'en practice in seeking out 


much a resident in each of 
pays each year for the 
hone, if he pays (1) quar- 


(b) Glasgow; 
(d) Manchester; 
(f) Liverpool; 
(h) Lincoln. 
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uy 
t 


; 3 minute 


2. Write the cost of the following 
alls: 


` Distance Time 
in miles T 
20 
> 22 9 p-m. 
sz zr aam. 
34 : 
(e) 60 z9 mm 
(P) 8o 3 Na * 
(g) x18 I pam. 
(h) 136 Ir am 


3. Mr. Smith began to speak on the t " - 
phone at ro a.m. to a friend 84 miles away 
The conversation lasted until 10.12 ai 
How much was Mr. Smith charged? 

4. Find the cost of an 8 minut 
3.20 p.m. to a man 120 miles away. | 

5. Find the cost of each of the follows 
calls from London :— 


Place Time Durati 
(a) Paris 9.30 a.m. ro mit 
(b) Berlin II p.m. 6 mins 
(c) Rome 3.30 p.m. 5 m 
(d) Moscow 7.15 p.m. 5 mit 


6. A business man spoke to a f: 
Canada for ro minutes at 8.30 p.m. How 
much was he charged? 

7. If I hold a 3 minute conversation wit! 
a man in Paris every day, how much shali 
I save in one week by ringing him uj 
9 p.m. instead of at g a.m.? 

8. Mr. Jones’ friend left New York and 
went to live on the Pacific coast of US A 
How much extra does Mr. Jones now pa 
for a 3 minute call from London? 

9. By how much is it cheaper 
friend in New Zealand than one in Japan? 

IO. What is the charge for »^ 
call from Exeter to Glasgow a 


nl " 
tend in 


n 
to call 4 


à I2 minute 
t midnight 


TE 
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yi ge smoke signals. Tre oldest known 

‘: 91 conveying messages over consider- 

distances was by means of fire and 

xe signals. Tt was used by almost all early 

soon after men had discovered how to 

fire Pre-historic man signalled across 

valleys from hill-top to hill-top using 

v night and the thick smoke given by 

green wood and smouldering leaves 

Ihe system was in constant use 

Red Indians in North America up 

middle of the last century, and is 

! employed by many backward native 

to this day, According to an ancient 

k legend it was thus that Agamemnon 

died. the fall of Troy to Mycene; and 

Romans during their occupation of 

communicated warnings of a Saxon 

Pict raid by fire or smoke signals from 

watch towers on the Yorkshire coast, 

ng the line of Hadrian's Wall. A few 

churches still have an iron cresset, 

üre-basket, fixed to the masonry of the 

ver. In the middle ages the beacon fire 

often lighted in these iron baskets to 

» the countryside of approaching raiders 

the Scottish border, or the Welsh hills. 

Perhaps the most famous example of the 

of beacon fires in English history occurred 

the reign of Queen Elizabeth. In 1588, 

coming of Philip of Spain’s great we 

s daily expected. On all the high peaks 

ed headlands, and on many à city gate 

ad hurch tower, beacons had been pre- 

] churc = S hat the threa- 
sand to warn Englishmen t 

pa was approaching our shores. 

ned danger was app ‘clock on the 


3p oon at four o clock O 
one aftern v. news of the sighting of 


ht into Plymouth. 
broug The: ASBIGOR 
f the beacon 


" 


Then 
nineteenth of Jul 

was 
the Spanish fleet was © 
Lord Macaulay in his poem 


ives a splendid description © 
LS 
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- 


fires Spreading the 
“AML night from tower 
they sprang from hill to 
of fires was blazing o 
breadth of the country 
to Berwick bounds, 
Bay.” 

Again, during the N: 
was the threat of a | 
island. Beacons were 
throughout the country, 
people that Napoleon h 
fortunately were not 
never set foot on our 
district on the border 
land a false alarm was 
the watch at Home 
an accidental fire in 
he took for the cor 
in that country, 
beacon. Soon a 
through the border vi 
teers and militia at on 


The Admiralty telegrap 
period of the Napoleon 
quite efficient method 
already been invented 
first used in 1793 for se 


hil 
es 


iz 


on the roof of the 
message was sent oul 
letters were received 
Montmartre, and from 
height to height, un 
of time the message nat 


uth there were thirty- 

t to Yarmouth were nineteen, 
Teal in the south-east there were 
we stations were placed at about 
: di of eight miles apart, 
two were as far as fourteen 
am one another. If possible 
stations were erected upon 
where this was impossible 
built The message was sent 
of a hand-worked semophore, 
a big railway signal. The 
read by means of powerful 
then passed on to the next 


were often astonishing. From 
roof in Whitehall, via Putney, 
other points, to a tower in 
Portsmouth, the usual time 
he transmission of a message was 
On one occasion, as a 
iment, a short signal was sent 
pre-arranged time, with all 
signallers ready, from London 
_ along the chain of thirty-one 
then back to London again. 
Wage was sent and received back 
T à total distance of about five 
in three minutes. Of course, 
had several disadvantages. It 
e used in daylight, and then 
weather, In fogey weather or 
Was useless, and further it was 
difficult to read the signals in 
the noonday heat. Altogether 
ut two hundred days of the 
"o 3 transmit a message 


E 


of signalling. — Other 

have been, and are still, used 

rei by the aid of flags, 

heliograph, Signalling by 

e 4 dem Ships as far 
sent century, but it w. 

during the Dutch wars, that 

a pum up. This 

lon of Sir William 

used until McArthur, secre- 
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uu 


est Indies, 
improve | 
1 


a code 


tary to Lord Howard in the » 
during the eighteenth century, 
the old system and also invented | M 
of lights so that naval messages mig si be 
sent during the hours of darkness. Roe " 
have proved to be of the greatest value at 
sea in attracting attention, and bringing 
help to distressed vessels; and during the 
Great War much use was made of them in 
the trenches to call for artillery 
for men hard pressed in the front 
positions. 

The heliograph has been, and is still 
much used in countries where there is 
brilliant sunshine and good visibility. This 
apparatus consists of a mirror upon a tripe l, 
and reflects the rays of the sun, sending 
flashes of light to a distant point, the long 
and short flashes representing the dots and 
dashes of the Morse code. The use of the 
heliograph is limited to the intervisibility 
of the stations, but actually in the clear 
atmosphere of the Himalayas a message was 
transmitted by a single mirror during the 
Afghan Wars a distance of no less than 
seventy miles. 

It might be well to note at this point 
the wonderful system used by the natives 
of Central Africa. To early explorers in 
these tropical forests, it was long a myst: ry 
how news could travel so fast, and how 
these primitive people communicated 
readily with one another. The 
was found, elaborated a code of drum tap 
and these were, with astonishing LÁ 
repeated from one village to the - 
faster than the swiftest 
travel. 


support 
lin 


so 


natives, it 


S} ed 
next far 
messenger could 


—The discovery ol 
d the way for all 
ication. The first 
e electric telegraph 
les Wheatstone and 
ooke who, in 1837 


Improvement S in 


LOADING NEWSPAPERS 


‘THE TRANSMISSION OF NEWS—I 
(Class Picture No, 69 in the Portfolio.) 


; letters. of the alphabet, proved to pany was formed so that the telegrap 
mense value on the early railways be at the service of the ( b 
ve there was a vital need for some by 1854 telegraph poles 
à of signalling along the line in all and midlands becoming 
so that trains might safely proceed four thousand five hun 

first installed on the London had been set up. 
At this same period, an Am 


peed. It was 
Blackwell Railway in 1838, and was j 
tually adopted by other railway com- Samuel Morse invented à 
Telegraph Com- graphy by which a pen at 


In 1846 the Electro- 


m ip 
Y d. T 
used by the electric current to make 
es of and dashes on a narrow 

per. The famous Morse code, 


almost universally, con- 
inations of these dots and 


first 


to represent letters and 
message to be thus spelled 

System was sent by Morse 
^n Washington and Baltimore. 


Tux TRANSMISSION or NEws—2 
(Class Picture No. 7o in the Portfolio.) 


Men next attempted to send 
Messages under water, and in Aug 
the first channel cable was la 1 


So 


ewm mmm nr 


PETON: 


teicgr 


Dover and Calais at a cost of £15,000. Aft 


several messages had been 
however, it one day 
was found that a cab 
in a fisherman’s net 
was laid once more, 


ceased to work, 


and it worked 


trans! 


in 


le had been dragged i 
and broken. A new on 


$32 TEACHIN 
cessit , £ 
z saly that men began to wonder if it 
vea f Possible to connect England and 
€ ^» "y this means. After failures 
‘antic cable was laid in 1858, but A 
E ng for two months, during which tithe 
ven hundred and thirty-two messages were 
nsmitted, the cable suddenly gave out 
"ome years before the two continents 
gain linked by the telegraph, but this 
finally done in 1866 when a new and 
er cable was laid by the steamship 


I tiern 


The telephone.—The efforts of inventors 
t directed to the transmission by 
actual sounds and words, to the 
of what we know to-day as the 

ne. In 186r a German called Philip 
vered the principle of transmis- 
lich later developed into the modern 
ne, and was able to send musical 
His first primitive instrument 

| in its parts such homely articles 
bung of a beer barrel, a knitting needle, 
ind a piece of German sausage 


not for several years, however, 
e human voice was made to articulate 
slong the wires. In July, 1875, 
m Bell with the help of a friend first 
i to transmit the sounds of human 
In 1876 he took out a patent for 
and the same year showed 
trument at an exhibition at Phila- 
i Bell was extremely disappointed to 
; the exhibition hall that very little 
ntion was paid to his instrument, and 
might have passed it by merely 
strange toy had it not been for the 
‘dro II. of Brazil. This. royal 
onage seemed vastly interested in the 
sratus, and so Bell, having persuaded 
1 ver to his ear, spoke 
f the instrument. 
stonished Emperor, 
i in amaze- 


vention, 


aratus, 
to hold the receiv 


nd almost dropp 
at. Bell soon was 

year, 1877, S8" 

telephones in the 


lowing 


{ many 
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Were erected in Lon: 

1879, but the E 
ments at first were in 
four-miles radius of the 
early- Services were o 


mother in Bologna in Ita 
the idea of wireless 
“the magician who 
mitting signals from sho 
ship to ship.” After some 
he was able to tran 
a distance of a hundred 
year later he had n 
just over ten miles. I 
his apparatus kept u 
the shore from eight 
1899 messages Were recer 
of one hundred miles. 
managed to bridge a 
miles, and in the 
year trans-Atlantic 
from Poldhu in Corn 
received at St. John 
Wireless telephony, the 
of the human voice, 10 
to-day men may 
from the ends of the 
Wireless telegraphy | 
proved to be of ine 
at sea, an then 
have been saved. ! 
casting have been an. 


their i 0 
their education, an 
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Station.—Its equipment and uses.— 
eg tains T largest collection. of 
Rugby con ny station 
radio equipment B 2s lands 
d. It is situated in the d 
Em the main L.M.S. railway. ma 
London to Scotland via Crewe. It is a: 
transmitting station from Great Britain 
all the overseas radio-telephone ape 
operated by the British Post Offices, an 
transmits on long and short waves. Twelve 
insulated steel masts, each 820 ft. high and 
each capable of withstanding a wind velocity 
of 140 miles per hour at the top, support 
the long-wave aerial system. The wave 
length is 5,000 metres. Twenty-seven steel 
lattice towers each support a short-wave 
aerial and each is constructed for trans- 
mission in a certain direction on a definite 
Wavelength. The seven short-wave trans- 
mitters can each operate on three or four 
wave lengths in the 15-60 metre band. 
Approximately five million units of elec- 
tricity are used each year. A radio call 
from Paris to New York is dealt with in 
some detail below to show how Rugby is 
utilised by the Continent. 
In the case of a call set up on the long- 
Wave radio system, an ordinary telephone 
Passes the message from Paris to the 
London trunk switchboard ; thence it travels 
via the ss radio terminal at Faraday 
9 Rugby, 


where it is filtered, 
amplified and then transmitted. The mes. 
sage leaves Rugby 


several million times 
Mronger than it was when Rugb: i 
“graha ugby received 


time it has crossed the thre 

i e 

miles of the North Atlantic ocean 

the speech currents are very much weaker 


passed to Rugby from the Paris 


Maine l 
line, so on arrival at Houlton (Ma 
D 


the message is again — z 1 
to the American subscribe Ac 
York radio terminal switch " e 
and short-wave systems are use" ^ 

to meet changing atmospheric = 
and thus maintain continuity ©! 
Similarly, speech currents ge M 
scriber in America are passe’ : th : 
York radio terminal, thence to Rock) 
(U.S.A.), where they are amplific l 

case of Rugby, and radiated to the 
station at Cupar in Fifeshire, Se 


I 


Radio telephone services to ships. 
transmits private messages to l 
range of the ordinary coast stati 
a day at definite times. In ordei 
captains to check their chronometer 
transmits to ships, twice a day, tim 
controlled from Greenwich Ol \ 
News bulletins are transmitted by Ru 
and reproduced in the 
published on board many 
Portishead (Bristol Channel) the P 
collects from ships at sea the i 
on which the Meteorological Offic: 
bases its forecasts. These for 
from Rugby are picked up 
over the world. Passengers of 
liners can be connected to s 
almost every part of the world | v 
of the transmi ting station at Ru 
the receiving station at Bald 
London, This service is conduct. 
waves, through Cupar and Baldock 
(Fifeshire) and Baldock are receiy in 
only. Situations remote from Ru: 
chosen, because, in order to 
action between ou 
speech, the two hecessarily follow 
paths. Thus Cupar was . 
to obtain maximum 


shij s' 


tgoing 


; 1 
as selecte 


freedom 
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ferenc 
ference from atmos 


pherics ; 
Simit ong Eno = 
imilarly the short wave servi peel 
housed at Baldock wel 
‘ai . The th i 
tions of Rugby, Cupa ree radio 
nnected to the VET d Baldock are 
London by undergrou Pus one exchange 
Ihe Post Office bh n cabe 
hange is the telephone centre of Comi 
Britain, of the Britich Em MA d ond 
ln: sh Empire, and of the 
iter part of the world. It is situated in 
‘on, and from it radiate wire and wireless 
to almost every part of the world. 
st radio telephone network con- 
ing on London has been linked up with 
ree cable system of Europe, so that 
subscriber in North America or even 
iha can ring up another subscriber in 
t any corner of Europe. Radio channels 
been opened between Great Britain 
\ustralia, South Africa, Argentine, 
Canada, Egypt, India and Japan, 
well as to certain ships on the north 
route. The overseas telephone 
hange, established in 1927, has been 
tructed to effect this linking-up of 
telephone services, after first of all 
viding a channel of communication only 
veen the telephone systems of London and 
w York. The continental exchange links 
| Britain and Ireland with Europe, and is 
ted to the overseas exchange. There are 
one hundred and twenty direct circuits 
ntinental centies, and each country con- 
| in a call, even if as a transit country, 
in the revenue from that call. 


welve coast stations were OT iginally erected 


jor the assistance of navigation, bu y 
e now used more and more for social an 
iness messages. Each station can com- 
i iles from shore, 

(1,500 to 2,000 

-wide range) 


services. 
andles more 
: as any other European country. 


Office 


messages 


TEACHING IN PRACTIC 


In 1936, the traffic in 


was over five mi 


Atlantic, in addition to « 
These coast stations o) 
service by which s 
(for ships in immediate 
(for ships disabled € 
danger), are aided, Sh 

can obtain advice throug! 
all language difficult 
means of a special 


sand bearings are 
twenty-five radio bi 
tion finding apparatu: 
small wireless transm 
matically, sending out : 
hour except in fogg 
operate every six m 
of 5,000 tons and 
by law to carry directio 
Each coast station 
of 600-800 metres and 
shorter distances, and 
and 15-50 metres for | 
coast stations are co! 
telegraph and telepho 
least two operators on 
An average day's W 
of messages with over 


least one hundred 
sand ships are so Ht 
thousand are British. © 
collaboration with he | 
inspects the British ship 

ship so equip. dm 


rtificate of efficiency for | 
Wut In addition, each OF 


a certificate of profic 


í r of the Straits of 

iue ate cables connecting the 
and the Continent. In order 
the working of these @ typical 
om London to Rome 15 explained 


ards of London and Rome 
red wo pairs of wires, one 
ta n from London to 
J the other pair in the reverse 
The circuit, as it is called, is 
sand three hundred miles long, 

lis about 47 tons; it consists of 
"wire insulated with wrappings of 
sed in a lead sheath. At every 
rds there is a device known as a 
soil which regulates the flow of 
it, At every fifty miles is a “ Repeater 
h strengthens or amplifies the 
it, which becomes considerably 
mile it travels. If it were not 
Repeater stations," the thickness 
wire required and the power 
to transmit the message would be 
‘as to render the service useless from 
ring and from a commercial point 
here are twenty-seven such 
on the London-Rome circuit; 
gland, ten in France, five in 
and ten in Italy. The message 
d by a valve known as a ther- 
*. The message leaves London 
cation; it reaches Canterbury 
round cables and is then very 
it is amplified and carried by 
of cables to the coast, where 
, and passes under the 
el in a submarine cable to 
thence through France and 
to Italy, being amplified, ee 
ervals of fifty miles, 


In order to mend the sub- 
two ships, the Monarch, and 
he by the Post Office, 

2 nsign on which is, very 

of Father Time 
“iment his hour glass 
Spark. These ships 
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are responsible for the maintenance ^ two 
hundred and forty submarine t 
a total length of five thousan ers X 
containing twenty-five Liousund M be 
wire. Forty of these cables unite G 
Britain with the Continent. p 

The submarine cables have coppi r 
ductors enclosed by paper sheaths, the 
between the papers insulating the W! 
These are surrounded by a lead 
which in turn is wrapped with galvani i 
armouring wire. The largest submarine te 
phone cable in the world is that betwi 


wit} 


Great Britain and Belgium, and wei : 
thirty-three tons per nautical mile. Other 
such as those between Scotland and Northern 


Ireland, and Great and Trelan 
weigh much less, from seven to tweivi 


per nautical mile. 


Britain 


Laying and repair of cables. Two or 1! 
cables are laid every year after careful 
surveying the ocean floor by means of a 


* echo-sounder " which records the time taken 
for the sound of a hammer stroke at tl 
bottom of the ship to reach the ocean bed 


and be echoed back again. Approximately 
one hundred repairs are made cu 
The “resistance” is measured from shore to 
a break, the distance of the break from shor 
varying with this resistance. The ca! 

ship steams to the approximate position of 
the fault; buoys this position, hen 
drifts or steams slowly in a zigzag mannet 
with a grapnel trailing. When the cable 
is found the ship is stopped, the cable ha 
and secured by chains. It is then saw: 
two and each portion tested by trying te 
communicate with the shore. The end clea 
of faults is sealed and buoyed, the fail 
being traced by the ship st ing sk 
along the charted route, m 
the faulty section and sto 
on board until the break 
mended if not completel 
completely broken the 
be found and then new 
each section has been 
communication with tl 


d t 


steaming « 
eanwhile hai 
wing it in tanks 
appears. It is then 
y broken. If it js 
severed end 1 
cable joined on ; 
tested by attempte 
le shore, 
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Woodwor'! 
tien of the vnd melino conta 
the telephone proie t pes TO 
n the way in vil. the di us uc 
ipment is developed. In bo P 
E : ys’ schools 
any school where a telephone system 
w built up, the contribution will natur- 
be greater than in other cases. There- 
is appropriate in this article to 
ate only the general idea of the part 
rooms might play in the project. 
e following are verbatim extracts from 
chool's written record of its telephone 
and consist of notes compiled by 
teachers in charge:— 
Ihe part played by the woodwork 
rtment in the project was principally 
onnection with the construction of 
brackets, casings and tables of 
kinds, The wall brackets, with 
fronts for use when taking notes 
ı telephone conversation, provided inter- 
work for second year boys, as did 
rnamental base for the set on the 
t >. The table in the school 
built specially to hold the exchange 
(tus, was designed and made on the 
n occasional table by third year boys. 
box, approximately 30 in. long 
in. wide, was also designed and con- 
4 in oak by thirteen year old boys. 
ket "supports which carry the 
d classrooms are 
ul "entirely from scrap material. There 
thirty-five We found 
hat the co-operatio 
nd science departmen 
at ent t and educational value of the work. 
The contribution 
nsisted very largel 


exchange 


brac 


tal fittings 
tion. of small meta! esty 
however, the making of varie ue g 
| ' switches, and so On P 


brackets, 
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' designs suggesting “I 


interesting and inst 
equipment of the excl 
separate line com 
switching devices me 
of many interch 
making of these the « 
to make the boys fa 
workshop organi 

"In some cases sim 
structed and used to 
one occasion a team 0| 
factured sixty in 
tact springs—in just un 
the direction of a captain. I 
and for, the teacher a 
interesting experience. 
zinc containers for ba 
experience, giving the 
the processes entailed 
simple flashlamp 


nia 


provides opportunities 
drawing, designing - 

Posters to hang 
walls can be designed. n 
styles. Such posters 
slogans, such as— 


book covers with pa 


Lists of call 


in lettering. A 
Covers for holding 


can be made and 
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